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BUTTRESS SED D. DAM UNIFORM § STRENG H 


at present, reveals the: fact that the maximum compressive | stress re at 


“one single point in each horizontal section. — = At the same time, » the up-stream 
portion of the disclose considerable tension in the direction of 


— 


‘The ‘object of this pay “paper is to present the general theory of a buttressed 
dam of definitely known and uniform strength—to discuss ‘its dimensional 
quantity laws and to make incorporating the theoretical 
e conception of elementary arched column units, 


er “pressure | from their respective deck areas directly | 
uniform: compression to the ground, together with the accumulated 
dead load. The elementary column units can be combined to a monolithic 


buttress system, in which ‘the first principal stress s is uniform 


throughout a and the second principal stress is zero. 
ary stresses due to shrinkage, temper: ature changes, etc., are 


"eliminated by dividing the buttress system into several arched column units” [tue 
practica dimensions, which units. , together with their monolithically con- 


7 


nected decks, are completely separated from each other by | continuous joints. 
Climatic influences are further reduced by desiguine the dene: column 


units so as to enclose the structure completely. 

ef The independent column units will also permit the « construction - the a 

to the ultimate height i in independent steps at convenient time intervals. The 

‘dangerous and expensive necessity of w concrete to the older 

A buttress system thus designed maybe used in nm connection with | any of =a 


‘the common deck type The method i is illustrated i in a tentative example for _ 


eae 


NoTeE.—Written discussion on this paper will be closed in March, 1931, Proceedings. 
~The original manuscript of the paper was received by the Secretary on “March 12, 1929, and ae 
this revised copy on September 26, 1929. ni 
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a | simple cantilever deck, 


distinct members: First. , the deck, forming -water- ar-tight up- -stream face; 

second, the buttress, , or supporting combined water 
ae dead load to the foundation; and, third, the foundation, which transmits 

design of the foundation structure is governed entirely by local 

which the permissible bearing pr pressures. 


? ~The following analysis assumes that the dam i is ner on solid rock, so that 


special foundation structure: will be required. The most common deck 
= are the simple beam slab of the Ambursen dam and the multiple- arch — 


“re 
deck a supporting system of both types generally ‘consists of triangular” 


Any analysis | of the relative yardage in deck and buttress reveals the = 


item. The cost of high hollow dams, therefore, is ‘governed largely 


by an economical design of the supporting system. 
‘The arbitrary, triangular buttress, which is ‘has been bor- 
ape directly from the gravity dam. The same may be said of the ordinary - 
analysis, based on the in horizontal ‘sections, 
when stability i is assumed to be assured if the vertical stress a and = 
the horizontal shearing stresses do not exceed safe limits. 
F. Jakobsen, Am. Soc. C. E. first called attention* to the 
of determining the prineipal stresses in the buttresses of multiple- arch dams, 
because the ordinary analysis may not reveal the existence of | large 
stresses. Later, Messrs. Kelent and Carl Boeght also gave solutions for 


the prineipal stresses: in _wedge- -shaped buttresses. The older method of analysis, 


‘a 


= 


esign, because the begin with already known. For 


eer reason all the ] present design m methods are based on repeated trial analysis, 
a procedure which i is w ell described§ by F ‘red A. Noetzli, M. Am. Soc. OC. E. a 


me 


“Die Staumauern,” by N. Kelen, p. 81, Julius Springer, 1926. 


“Beitrag zur Berechnung der Spannungsverteilung in Stuetzpfeilern von 


‘aufgeloester Bauweise,” by Carl Boegh, Beton und Hisen, 1927, p. 331. 
“The and Construction of Dams,” by Edward Wegmann, Am, Soe. Cc. E., 
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dam 300 ft. in height 
eye portant elements for any desired combination of the main design variables. ee 
- -——s Gonsiderable saving in cost can be realized for any height to which a = 
of the 
} 
bi 
i 
4 
| 
> 
cy 
4 


=e 


“THE DAM OF UNIFORM STRENGTH 


economic reasons, , and for ‘reasons of the ideal design must 
always aim at a structure of uniform 1 strength. Iti is evident that the : arbitrary, 


triangular buttress shape, with rectangular horizontal sections, does not neces-— 


_ garily approach the structural ideal. The trial method also involves a large. 
a ‘amount of labor, and the derivation of general dimensional and quantity laws, 


* ased on the arbitrary shapes, would lead to a waste of material in higher dams. 
7 Inv order to eliminate the trial computations the following direct design 


| method for the supporting system is proposed . The water pressure, 
| an elementary deck area, is transmitted to the foundation in the most direct 
by elementary arched columns, dimensioned so that 1 the compressive 


stress is constant throughout. These elementary columns can n then be com- 
bined to a monolithic buttress of uniform strength. They may ay also be =. 


- ia adjacent members, separated fro from each other by continuous joints, 80 that 
secondary stresses due to shr inkage, ‘temperature cl changes, ote., can practically 


‘The space does not permit the full presentation. of the analysis, 


the mathematical expressions, therefore, must be limited to the funda- 


~ mental results. - For the detailed derivations the reader is referred to a more 
complete manuscript of the paper entitled, Hollow Dam of Uniform 


filed d by ‘the writer in the ‘Engineering Societies Library, New 


— 


= aratio expressing the relation 
notes the section at the point, 


=. 


eth of elementary deck area. 


= a ratio expressing the relation, “¢; this unit is a the 


= horizontal distance, top and bottom, of an arched column at 
nthe es =D = total height of buttress, identical with maximum depth of 
= base of Naperian system of logarithms. 
unit stress; a subscript, c, denotes compression. 
= a sliding factor ; F’ is the ‘sliding factor for the buttress of ai 


& = 


4 


= vertical distance from top of deck to the center of an elementary _ ; 
area 
horizontal component of Sees a subscript, 0, identifies this com- 
ponent with P, and a subscript, w* identifies this component — 
+ the relation, - 
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THE BUTTRESSED DAM OF UNIFORM 
= axial thrust on an arched column; a subscript, 0, denotes” water — 
pressure ; a subscript, k, denotes top thrust due to water and a 
slab combined; and P’, denotes top thrust due to water and — 
“pressure at the top of an elementary arched column; a su wii 
P= resultant of all forces above the jenididion Be is the resultant 
sg a force that represents the weight of the Sila deck ; area; _ 
elma a subscript, B, indicates the component perpendicular to the 
deck; and a subscript, D, indicates the component transmitted 
through the slab to the base. 
thickness of a catenary column ; . the subscript, 0, indicates a sec- 
tion at any point, and a subscript, indicates thic 
vertical distance from the toe of the deck slab to the center of an — 
, elementary area in that slab; 4, = horizontal projection of w,, 
the width of the elementary area, “and d v is the horizontal pro- 
jection of a differential width of deck area. 
= vertical component of force; a subscript, 0, identifies - this com- 
with a subscript, w, identifies ‘this component with 
‘ ey Ry; and V’, = total vertical component of water pressure of 
buttress of absolute minimum weight 
w = width of an arched column; a subscript, 0, identifies the width © 
with that at and subscripts, 1, 2, ete. identify corresponding 
sections at N,, N,,ete. _ 
= weight of structure; a subscript, denotes the arched column; 
subscript, D, denotes the total deck; and a B, de- 
horizontal distance from the toe of the slab to the conter line o 
Fe wi the arched column at its base; a subscript, 0, denotes horizontal — 
* distance from toe of slab to the center line of the arched column — 
at its top; dz is the of a differential width | 
of deck area; An = small horizontal interval. re 
y = unit weight;a subscript, ¢ c, refers to concrete; a aan.’ w, o, denotes: 
eter; and y' » is an imaginary unit weight. 
= weight factor: subscripts, D and B, are for deck and satin ree 
‘Ay = factor for buttress with zero deck w eight; 
_— = factor for buttress of absolute minimum weight; al Ay 
angle that deck slab makes with the vertical = aa 
hie = angle of column thrust with horizontal at N,; 1“ angle of com- 
bined top thrust, P,, with horizontal. 4 = Dos 
on = angular change of column axis corresponding to 4 


d water pressure, | Py acting on it. ‘it. Assume present the are 
the deck is zero. * Similar to the thrust of an ordinary bridge arch the at 
be transmitte ed to the: ground direct compression by ‘the arched 
column, No N,. The crown of the arch may be imagined at O, the right 
fy The water prs sure, P,, simply replaces the arct Ny 
ri pressure, Ig, simply replaces the arch thr ust at o 
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is constant at any ‘the axis will to known as 
the cz catenary of ‘uniform elementary arch, N, then is. 

| 


| 


& 


vith | 
of 
ling as 


—AN DEcK AREA BC D, SUPPORTING A WATER Loap, 


Designating by fe the unit compressive stress stress aby Ye the u 


T 


mn; | 


-_ represents a parameter, the unit of which | is a length. _ Furthermore, let the 


: ratio, —, equal a. 1. Designating by P, the resultant thrust of the arched column 

cht; at y, , and with reference dimensions of Fig. 1,1 following 


“q 
les 


The distance, d, is given by the expression, 


it in ‘the angles, and d dos are measured i in radians. 
= Designating by We the w eight: of the arched ¢ column Ny and N, 
md by Hy t the horizontal of Poi 
right 


ition, p 147, John Wiley ons, 3 


ter 
nd 
pt, 
pi, i 
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= 


‘to thickness of the elementary column b becomes, 


(5) can now written in the 
(D — vy [We sec? — 


(7) 
CoLtumn Buttress oF UNIFoRM 


oo, that the whole deck strip, A’ B’ C’ D’, is divided into a large aie 

? of elementary deck areas, and that the water pressure acting on each elementary _ 
area is transmitted 1 by corresponding elementary arched columns, Q, Q,, oN y 

ete. . If the cross-sectional area of the independent supporting units is dened 

so that adjacent column faces just st touch « each other, the whole buttress can be 


conceived as s built up of a large number of column units, a but- 


g 


wes 


. 


of the is as the mean nce. 
the axis ¢ of column column tl thickness at any point 


and designating the yy, and assuming that 


following expression results, 
2 
Ye tan vem sec” — 


“hie 


the m, in (a0) and ( (11), the the 
buttress along the horizontal plane, FG (Fig. 1), can be determined and by 7 

ea a ‘repeating the same process for other values" of D it is possible to ‘evaluate the 
a cis _ Equations (10) and (11) indicate that the shape of the buttress is mainly 
a function of the ratio, == (or i), and the angle, % | © onsidering Po as a constan 7 

buttresses with the same ratio, a geometrical shape. From 


= = 


q 
E, 


— 
cross-sectional nentary column at N, is found from 
i 
qo) 
= angle, d,, is found from Equation (2). in 
| 
BY 
| 
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important ratio is called buttress Since Ye! is constant for 


a giv en case, the ais 


Rin 
an axonometric view of a monolithe buttress of uniform 


“tions (10) and (11). Int this case, | let c = 2 200 ft. giles 200 Ib. per sq. in.; 
= 144 lb. per. cu. ft.; and - w = 62.4 lb. per cu. ft. It will be noted that 


Di= 80 ft. the horizontal section approaches an isosceles triangle. As 


height: of the buttress inereases the horizontal sections bulge out more and 
more, 80 that for D = 320 ft. and D= 400 ft.., , the maximum thickness, 


max., occurs at a considerable distance from the -up-stream face. ke 
D= 400 » tmax. even exceeds the width of the deck strip. 
get: ‘Fig. 2. also dum. the buttress ratio for the different values, D, computed 


bs Equation (12) with the given values of yo and f,. ‘Since 1 this ratio deter- i 


4 
ines the shape of the buttress, Fig. 2 also represents the buttress shapes 
obtained with other unit for instance, = 400 lb. per 


in. D = 320 ft., and ratio a 


corresponding buttress is, in shape with that. a 
b 


uttress with - 160 ft. and fo = 200 Ib. per sq. n., own, 


in., ‘as shown. 


3 


0.80 


Values 


d 


‘i t 2.—DIAGRAM SHOWING . A MONOLITE BUTTRESS ‘OF 

Smusses IN THE ButTtrREss 


The column buttress (Fig. 1) is built up of independent column 
units, which can deform freely under the applied load. Since the unit 
_—Pressive stress is constant, each column will shorten in proportion to its length — 


d the mA _— face “moves into the deformed position, . FT’, which is almost 
hee 


ers. 

| 
(6) 
(7) | 
ber — 
ary 
ned 
be 
ut- 
om : 
(8) 
ily a | 
| 
nt, a 
Dm 


retain their relative after the taken 


Neglecting ‘the influence of Poisson’s ratio, the same deformation of the 


buttress can evidently t take. place if adjacent column units are connected 
monolithically w ith each other, and no ‘shearing forces along the imaginary 
column faces will be induced. _*F urthermore, in order ‘to maintain equilibrium, 


no forces normal to the axis of the catenary columns : are e required. ahh og of 
nits Since the buttress is ‘subject mainly to direct stresses in one direction the 


internal work must approach a possible minimum. From Castigliano’s. prin- 


il of least work it can then be concluded that the stress distribution in 
the monolithic buttress is very nearly the same as that i in the multiple-c colun mn 


composed of of independent arched column units. 


Fort pr ractical purposes extreme accuracy is not required, because a 


and temperature stresses may easily destroy a theoretically refined stress 


nee ‘From these considerations the followi ing ng conclusions are. ie 
(1) The catenaries of strength prineipal stress” 
(2) The first any point ‘of ‘the is con- 
stant compressive stress and equals the design stress, fos and, 


(3) The second principal stress is zero throughout. 
‘should be kept in mind that: such a stress condition only toa 


a different 


monolithic buttress with determined as for Fig. 2. Any other 
« 


ation of buttress material must 


A less uniform also” 
e been deter- 
by” ‘any of ‘the “current methods, a shape of the must b 
corrected until the final analysis gives a first- 
Fig. 3 shows a reproduction of the Véhrenbach 


ay indicating the principal stress trajectories. The r magnitude of the principa 
stresses along the trajectories is shown by lines, the plus sign indicating 


The striking similarit between the ‘first principal stress ‘trajectories in 


3 and the catenaries of uniform. strength in Fig. 1 will be noted. 
_magnitude of the first principal stress in Fig. 3 also indicates that a more 


stress s distribution could: be obtained by decreasing the thickness 


@ 


edevations near up- “stream face. After several trial computations a 
similar to a a multiple- column buttress of uniform strength would result. The 


trial computations would involve considerable labor; ; the advantage of the 
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= 


* 


bove 


Level 


> 


hrust of the catenary column, 


P,, and the normal com- 


_ ponent, Sg, of the corresponding deck weight, S. The weight component, Sp, | & 


ed 


4.—INFLUENCE OF DECK WEIGHT IF DECK AND 
—-Burrress APE ° °° 


eck, except for the uncert 


upers, November, 1930.) 
will LUENCE or Deck WEIGHT 
uence of the deck weight on the shape and weight of 
the buttress, two extreme cases of deck support are considered. 
ther Case 1.—Assume that the deck is completely "He 
by a frictionless joint along the up-stream f 
ape, in Fig. 4. In this case the initial top t i 
&§ 
) 
ster- 
— 
th 
4 
Vol au 
found in the Ambursen slab d ainties due &§ 


"The weight of the deck is dependent the “type, working stresses 


in the deck, span, ete. “The relative ve deck weight is ¢ is expressed 1 by a a factor, 


any v. Since its value is 


independent of the inclination, ¢ dy of the deck, ‘the factor, ‘his called the 


— deck constant. The initial top thrust, P',, of the catenary column then becomes, 
(1) to (12) also to if P’, is substituted for or by 
replacing | the unit weight, Yws by the unit weight thus, 


—Assume that the elementary deck strip is to be monolithically 


connected ‘with’ the corresponding catenary column, as as shown in Fig. 5. Ad- 
jacent: column units are assumed to be completely separated from each other 
by continuous joints through deck and buttress. 


| 


— 


In this case the full deck weight, S, is aiuieiaedi with the water pressure, “ 
¥: P, ‘and the resultant of these two forces, designated by Pi is inclined at the i 
angle, $e to the horizontal. ‘The. angle, ks is determined from the relation, 


_ 
rad 
fol 
an 
q 
of 
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a 


For small of the following approximate measured in 


the derivations ‘of which are similar Equations (10) 


=~ m tan Po 4 


Tt may be: noted 


‘The weight of the arched citi unit pie given by the following expression, — 


which i similar to Equation (1), 


WwW =by, (D— s sec? g, — 1 | — tan 


4 
the angle, } is always, larger than gy, the effect of the deck 


Case 1 the weight the will always be than under 
the assumption ¢ of a webiee: deck, but this is not necessarily true for the 
monolithically connected deck. - Although the increased top thrust: ‘tends to to 
the weight of the eatenary column, the shortening effect has a 
tendency to decrease its weight. - For small angles, ie that is, for steep decks, _ 
the shortening effect is very pronounced, whereas the increase of the in initial © Ae 
: top thrust i is comparatively small. | The resulting weight | of the column then | 
q is actually less than that obtained for a a weightless d deck. 
some intermediate angle, , the two influences each other, and 
- for larger angles, | its that is, flat. decks, the resulting weight of the column — 
becomes greater than for k = 0. ad 
ast In general, it m may be stated that for Case 1 the influence of the deck always 
Increases the weight of the buttress. . The type described in Case 2 gives” 


_ More economical buttress i in any case, and, for this reason, » becomes ¢ of 1 prac 


contains the differential equation of the total 
not possible t to present the integral in . explicit form, Equation (21) has been Ps 


integrated | by Simpson’s 


| 
| 
i. 
resses 
actor, 
+ (13) 
4 
actor, 
ically 
or by | 
Ad- 
other 
ri 
a 
« hi 
— 
sure, The total weight of the buttress is the sum of the weights of all the ele- _ g 


= 
Py 


tstrenarn 


a 
‘will resist the component ‘of total water ‘pressure. "The weight 
of the structure, therefore, may be expressed conveniently | as a a factor o of the 


horizontal w ater pressure. 6, the deck constant, 
is then | given by the 2 ratio, 


he 


weights | of deck, buttress, combined weights are defined by 


Buttress weight factor: 


Ina addition, the direction of ‘the “resultant, R, is given sliding 


deck factor, , Equation (28), i is a function of the deck constant, 


a fumetion of and the buttress defined b by (12). 


fu 
4 
= 
4a 
a 
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and the same is. “true sliding factor, P, (26). 


The weight and sliding factors “can. be presented in graphical form 


functions of the variables, k, do ‘and i, as in 7,8 8, 9. 


> 


4 


Buipyg 


«yo sanje, 


SSS 


T -H FOR DETERMINING AND 


illustrate the quantity laws of the 
uniform st strength for Case 2 3. ‘Tt may | be noted that the total ‘volume becomes 
minimum for deck inclinations ranging approximately from hy = 20to 
& = 40 degrees. However, the minimum quantities can only be realized 
combination w ith | excessively large sliding factors . The deck i inclination, 


will be gov verned largely by the limiting sliding- -factor values, 


tit ca tain ig. 4 by com- 
puting horizontal component rey rater pressure ‘from J Equation (24), 
with an imaginary unit weight of as obtained from Equation (15). 
oe ont The diagrams | can be used as guides i in the design and for the ‘purpose ¢ of 
pai preliminary estimates. They are equally applicable to any system of measure-_ 
ments, because: the different factors represent: pure ratios. 


1959 
y 
(22) 
_| 
i 
24) | 
25) 
| 
nt, 
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_ 7 aes an example, find the most economical deck inclination as well as the a 


quantities in the deck and buttress of a hollow dam, with the following design a 
data: D= 200 = 50 ft.; k= 0.10; = 400 Ib. per si sq. in. — 150 Ib. 
cu. ft.; = 62. 5 Ib. cu. and F= = 0.70 (maximum 

T 


jo 


7 


w 


Values of go inDegrees = 
Fic. 8.—GRAPH = DETERMINING AND 


By Equation (12) the ratio found to be 0 


= 


weight factor, at the intersection 


= 521 and ¢ 
4 factor, F = 0. 97, w hich is too 
a In order not to exceed a value ,F= 


_1960 
2 ¢ 
al 
— 
J 
wi 0.521, the minimum 
29 degre { 
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Ww ith Ap) App = = 0.50, the combined weight of deck and buttress, from we 


is, therefore, 50% of H,,. The “combined volume, ‘expressed i in cubic 


9 — 
0.50 62 500 000 = 7 720 


7 


| 


a ¥ 


The quantities in the buttress alone are found from Equation oe which 
the followin ercentage for the buttress volume, 


These’ quantities ‘Tepresent the minimum possible volume that can 


> ‘obtained with the given data. Because of the minimum pr practical wall thick- a 


the actual w ill larger. if buttress i is 


ers, November, 1930.] 961 
a The total horizontal component : 
ie under consideration (in pounds), is 
ible 
| 
| 
ita 
| 


with auxiliary stiffening structures, as integral parts of the 


catenary colenane, then the additional volume — to this cause must be added. ; 


Generally, the larger” the closer the agreement. 
between the actual and the theoretical “quantities. 
Burresss OF ABsoLu TE Mit IMUM Wer 
2 he previous | deductions have been derived under the | assumption | that the 
battress has a straight up- »-stream n face. The weight factor diagrams: (Figs. 
a 4, 8, and 9) indicate that for certain deck inclinations the total quantities — 
7 ‘booome a minimum. A straight up- stream face does not necessarily give the 
With reference to Fig. 10, consider din _catenary column, 
ABCD, which supports the water pressure a acting over the vertical distance, 
By va varying the inclination of the elementary deck strip, AB, and by 


gees dy constant, there will be one deck inclination, , dy Which will require — 


a 


7 


Xs 


In case of deck this inclination can be determined 
the column weight, W,, ‘Equation (7), with respect to which 
leads to the following relation, ano 


Equation (27) shows that the most economic deck slope is a function of the 


elevation, v, and the parameter, ¢ (since a = At the bottom, v 0, the 


deck inclination is % = == 45 Rete. As v increases the deck becomes steeper a 
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from E section (9), Equation (28) can be: written 


Equation (29) shows that the buttress r ratio, = i, entirely. determines: the 


By substituting from Equation (27), in Equation th minimum 
weight of the elementary column is: obtained. The total weight of the 


tress, designated is found by integrating over the > total h height, De 
Designating by the factor of the buttress of absolute minimum w eight, : | 
- The buttress weight factor is, therefore, a function of the buttress ‘ae. i, — 
order to find the sliding of the buttress of | absolute minimum 


_woight, the vertical | component of water pressure, designated d by V must: 


the factor of absolute minimum weight is desig- 
_ nated b by F’, then, ab) 4 union - 


comparison with the straight- face buttress shows that ‘the difference 
between the minimum quantities for i <1.0 is less than 1 per cent. ever, 
buttress of absolute minimum ‘weight has. sliding factor which is 


appreciably less that of the straight-face buttress. comparison 
becomes favorable as the buttress If the buttress is 


= 


built with independent column units completely separated fro n each other by | 
continuous: joints along adjacent faces, then the individual | bottom columns 
“Fig. 10 will have. a maximum sliding factor value, F= = =1. 0. 
of: 
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The influence of the deck, monolithically connected with the corresponding 


(Papers 


The minimum im weight of deck and catenary column ‘unit combined is best. 


determined by trial by varying the angle, bo. Tf the resulting g sliding factor 
is too large, then the slope of the deck must be decreased until safe sliding- 


In narrow V- shaped the heights of 


warped with lateral thrusts acting on the buttress heads. 
ease of comparatively wide sections the warping effect is small, 
that the foregoing features, may be advantageously ineorporated in the 


f the d 


11 represents a tentative ‘design for buttressed dam of uniform 

consisting of five catenary column units, completely separated from 
ex each other by continuous joints extending through deck and buttress system. 
OF The deck consists of symmetrical cantilever beams or disks, monolithically 

1 connected with the column heads and similar i in ‘design with an ordinary wall 


| footing. ~ Columns No. 1 and No. 2 are treated as cellular sections, “built 

deck weight factor value of from k = 0.10 to ch 0.15. lapels se 


With a design stress, ae = = 400 Tb. per sq. in., and a unit ‘aot: 5 144 
Ib. per sq. in., the buttress ratio, i, or — , becomes 0. 75 by Equation (12). With : 
As a limiting sliding factor, F = 0.70, the inclination of the deck, p, is found to be 


from Fig. 8 (k= - 0. 10). _ From a a similar set of ‘curves, or by interpolation, 
for 15, the value | of % ‘is found to” be 36 degrees. The ‘mean value, 
Bo oP The arched column units are designed as follows: First, the water pres- 
sure acting on the deck face, and (depending on drainage Se 
i. the water pressure acting in the horizontal deck joints, are combined with the 
weight» of the deck to obtain the initial top thrust of each column. “For 
: ad the present purpose > the water pressure in the deck joints has been neglected. 4 
k ie The co-ordinates of the column axis and the sectional area at any point ee 
. eo can then be computed by Equations (2), (8), and (4). Ih the present case 
(Fig. 11), a a ‘simple graphical ‘method, based on the differential equation of 
4 i <j the catenary of uniform strength, has been used. — This method i is illustrated i in > 
Fig. 12 i in which P, represents the given top thrust, applied at N., and acting 


at ‘the given’ angle, do to the horizontal. beriaontal 


% ‘The small 
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, 4h, expressed in radians, is given by the equation, 
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“Assuming Ax = 2 400 Ib. pe r 


then 4g = 0.05. 


‘Since P, is tangent the point, V,, t] 
4p 
as ‘indicated in Fig. 2, and N, then is the first point on of 


uniform strength. Additional points, V,, N,, ete., are found by equal 


deflections, » Ad, as shown. A continuous curve drawn through N,, 
ete., then represents the column axis. thrust at any point is 


mined from Equation (3) by means of a log log slide-rule. . Its direction i is found 


graphically by considering ‘that horizontal component is constant and 


equal to the horizontal ‘component 


4 


tee Fie. 12. oF in THE 


_ OF THE COLUMN AXIS AND THE SECTIONAL AREA AT ANY POINT. 


‘The resultant of all. the column thrusts" at the base and its direction are 
determined force and equilibrium polygon, as shown in n Fig. 11(b) : and 
ss For high dams the influence of secondary stresses due to shrinkage, temper- 
ature re changes, yielding of the foundation, ete., , deserves careful consideration — 
in design and construction. tn order to reduce the danger from this source, 


Mr. ‘Jakobsen has advised* contraction joints in : anaes: and arches of high 


arched- lends itself without difficulty to the elimina- 


an tion of secondary stresses because the logical location of such. joints is giv ven 
the column outlines. In addition, the bottom joints, shown in ‘Fig. 
allow slight rc rotation of the individual ‘columns, whereby the ‘secondary stresses. 
are further reduced. certain cases temporary hinges, used arch 
bridges, » may be provided near the foundation. Each column unit thus repre- 
sents a statically determinate member, the action of which i is definitely caine 
under all conditions of loading. = 


* Pransactions, Am. Soc. .C. ‘Vol. LXXXVII- (1924), p. 276. 
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ok Temperature changes in the interior of the dam are reduced to a toinimum 
by the designing column, , No. 1 (Fig. 11 (d) ) so that | complete enclosure of of 
structure is obtained. In severe climates this feature also effectively pre- 


-yents freezing of the deck from the down-stream side, as reported* by F. WwW. 
 Scheidenhelm, M. Am. Soe. 


The down-stream face can also as an overflow section, with 
- most of the material acting as a column member. In locations — subject to 
| . earthquake shocks, all the columns may be designed as adjacent ‘cellular units ts, 


whereby it is possible to increase the lateral stability to any desired extent. 
Economic Consiwerations _ 
3uttressed dams are especially adapted for comparatively wide dam sites — 


solid yock foundations. or this reason the buttressed type is mainly 
: For moder ate heights: the economy of the Ambursen type has been recog- 
7 nized for some time, ‘and the economic features of the multiple-arch type have — 


of 
| 


amply discussed by Mr. Noetzli,t V. H. -Cochrane,} M. Am. Soc. C. E., 


nd ot] 


order, to evaluate. the economic possibilities of the buttressed d dam of 
uniform s strength, i its maximum theoretical height :t must be considered. 2 


-up-stream face. Since two adjacent buttresses can not. occupy the s same space, . 
ra =~ 


the m maximum height the dam is reached when, ime 


ay 


Equation: (10) shows that si ratio in (35) a function 


of the buttress ratio, —. Designating the maximum Se et dam by 


; Assuming, for instance, a design stress of fe. 0 Ib. per sq. in. » and a unit | 
ear 


i 
weight of yo = 144 lb. per cu. ft., the gel ey theoretical height, in feet, 


oat. ~ 500 x 144 - == 875 a? 


} 


us The “maximum practical height is somew hat lowe er » due to the deck weight, _ 
it may be concluded that the buttressed dam of uniform strength’ can 


built to considerable heights with ordinary working stresses. 


." The relative volume of a buttressed dam and that of a gravity dam are 


best compared by ‘means of the weight factors. The weight factor of a; gr ravity 


ection, = for full uplift at the up-stream face, with uniform decrease _ Z 
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zero down- stream face, is designated d by Ag: Using t the previous desig- 
for the unit weight of water and concrete, ah 


Figs.“ 7, 8, and 9 indicate that the combined weight factor of the buttressed — 

dam increases about in direct proportion with the buttress ‘ratio, ‘but for 


usual sliding factors its value is only a fraction of dy. . For the tentative design — 


of Fig. 11 the combined eight factor value is, » ABD = 0.68, or one- “third 


that of a gravity section. _ Therefore, e even ‘assuming - that the unit cost of the 
; - buttreseed dam is twice the unit cost of a gravity section, a saving of — 


one-third in the concrete cost is ‘realized. 


As the height increases the unit cost of the buttressed type decreases, 
because the cost of deck and formwork represents a smaller and smaller per- 7 


centage, and the elimination of secondary stresses s by. means of expansion joints 
enclosure results” in considerable > savings of steel. 


4 Be be superior in economy to the gravity dam i in penny any case. ee 
The independent column units permit construction to the ultimate height 
in n convenient steps at long- time intervals, w ithout the r necessity of anchoring 
green concrete to the older concrete already in place. . The uncertain atin, 
due to different shrinkage and « elastic behavior, ; is thus completely « eliminated. 
At the same time spillw ay provisions { for different construction ‘steps may be 
veniently incorporated i in the column design. gud: IMT 
Bi: Since the column units are statically determinate, their stress conditions 
and factors of safety are definitely known in advance for any contemplated | : 
height. To estimate the actual stress condition in the large ‘masses of high | 
| gravity ¢ dams, even with the provision 0 of vertical contraction planes, i is not a 
problem, because successive layers: are poured at comparatively. slow 
s ink and cool, while the upper portions © 
expand due to chemical heat. It is also evident that buttressed dam presents 
om more favorable curing ‘conditions because of the possibility of installing 
i effective sprinkling cystems, which will not only reduce the shrinkage, bi but also 
Considering economy and d safety « combined it may be stated that the 


= tressed dam of uniform strength can be built to greater heights than oe 
gravity dam Oy ive 


‘ 


—The arched column principle presents a simple and exact 


‘ designing | buttressed dams of uniform strength. eae 


4 a) 
q 
cor 
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su 
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= 


= 


prineipal stress is constant compression and the second stress is zero. 


(8). —Secondary stresses are practically eliminated by building the arched — 
columns as independent, ‘statically determinate units, separated from each 
other by continuous joints extending through deck buttress 


(5).— 


grams, in the main variables are as pure ratios. 
(6) .—The independent arched column units permit cons 


dam in ‘economical steps at long- time intervals—no an anchorage between the old _ 


and new concrete > is required, and spillw ay facilities may be incorporated in 


each with n no waste of material for this purpose. — 
—The buttressed dam of uniform strength is superior in safety and 


writer deeply appreciates the encouraging assistance and valuable 
"suggestions received during the preparation of the original manuscript from 


Mikael Juul Hvorslev, Assoc. M. Am. Soc. OC. E., Walter Ruppel, Assoc. M. 


Am. Soe. E., and A. ©. Schwager, Test Pacific Electric Manv- 
facturing Company, San Francisco, Calif. 
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(37) 
(4).—The buttressed dam of uniform strength contains the minimum 
ssed [% possible amount of material that can be obtained with a given design stress) #8 (i 
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AULIC PIPELINE DREDGE 


Joun Francis Cusuine,* M. . Am. Soo. 


he hy pipe- -line dredge in this papert is largest 

and most powerful built to date (193 0) and | embodies some new and novel 

equipment and construction features. Tt was designed for ‘the Great Lakes 


“and ocean service as well as for river work. The steel hull i is made exception- 
ally heavy and rigid not only to withstand the machinery vibrations, but to 

~ support the dr edge without failure if it sinks on an uneven bottom. ¥ The curved 7 


ends of the hull ar are the ‘result of experiments to that which | 

would require the minimum power for towing. 

The cutter drive i is of unusual flexibility and power, with a specially d 


signed cutter, deal to a depth of 50 ft. The method of control i 
Inc order to excavate In a definite area at “all times, even in a heavy fog 
"when fixed sights could not be used, a gyroscopic compass is installed: which 


‘insures accurate and positive operation, as. well as an assured return to the 


site, if the dredge i is compelled to seek harbor | because of a storm 
fees The dredge is designed for the maximum economy of capital, labor, ‘de 


power, and the extensive 2 and thorough “investigations by the writer and = 


¢ R. V. Hoopes to determine the economy of these three elements developed the 


‘That a dredge wih. a in. ymeter is ‘more 
That for "this size a Diesel- electric installation results i in lower 


~ 


m power ap- 


NoTE. —Written discussion on this paper will be closed in March, Proceedings. 
* Pres., Great Lakes Dredge & Dock Co., Chicago, nl. 


The Diesel-electric dredge, New Jerecy, constructed for, and under the specifications 


+, 

J 
a | 

“4 

. | 
3) That 9 dredve nyumn driven by the maxi 


“4 


4 


~ There has been considerable development in in the design 2 and m d manufacture of 


of sand or loose. material through 1 comparatively short 
after mixing the material in a stream of water through a centrifugal pump. 
_ By the adoption of cutting machinery, the field was gradully widened to in- | 


At the same time, the effective range of transportation was: extended by ? 


_ improvements in pump design and by an increase in power applied to the 
_ pump. . This increase was limited for a time to the capacity of reciprocating | 


steam engines with speed characteristics suitable for this class of w ork, an 
The application of steam turbines followed. the reciprocating engine with | 


“very beneficial results, 


a _ The more recent improvements of the Diesel type of oil engine has opened 


— 

- 


= new field of development in the design of dredging equipment, and some 
installations of Diesel- driven pumps have been made. 
The first installation of : any considerable’ size, with Diesel-electric. 
; zs to this service, was made i in 1925 by the Port of Portland Commission, 
rey Ore., when the dredge, Clackamas, was constructed. It has a pump a 
~_ with a 30-in. discharge, driven by : a 2'700-h.p. direct- current motor, the power 


_ eing developed by four Diesel engines, connected to direct- current — 


‘ This design and installation had some very special features. _ The condi- 


tions under which the dredge was to operate were not as widely variable as to o 
the nature of ‘material, elevations, ‘distances, exposure, etc., as would be 


3 countered in the field of contracting. T he dredge was designed primarily for A 

; at river operation and it was not necessary to design for lake or ocean ‘conditions. ; m 

In general, the design ofa dredge of this type pe for contractors’ use involves di 


"numerous other considerations which are of vital importance and are not in- 


cluded i in a special design for rather fixed ‘conditions. The installation de- 


as 
scribed hereafter, covers a 1 dredge for contractors’ use and represents the result 


The following notation has adopted consistently throughout this 
= cross-sectional are area of the discharge | Pipe, in square fect. 
= a variable coefficient of. the ratio of the | of labor : 


st of power. 


‘ = = unit cost of labor and power, in dollars per effective pumping 
hour; c, = unit cost of labor; and cy, = unit cost of 


unit cost of power, in dollars 
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DHAULIC 1 PIPE- LINE DRE 


A f = coefficient of friction in the p 
— hydraulic head, in feet; H, = suction head; H, = elevation head ; 
£ Fea exponent of V in the formula for friction head. 
‘= output, in cubic yards, per effective pumping 
of d used in the formula for friction head. 
= horse-power; Pm = water horse-power of the main pump; 


> ‘te 
shaft horse-power of the main pump driver = —*. 


of discharge, in cubic feet per second. __ 
S = percentage by volume of solid excavated material i in he discharge. 
velocity of discharge, in feet per second; V, = economic 
- w = weight of the mixture of water and solids, in pounds per cubic De 
a ie = weight of dredged material, in pounds per cubic foot. aun 


e 


Reduced to its fundamentals, the basis for designing a a dredge for. commer- 


mine the type, ‘size, and capacity of the tool. wet 
Each of these elements i is made up of inversely v ‘varying factors. greater 
4 the size and ¢ capacity, y, the more refined the | type, the greater is the initial in- _ _ 
_ Vestment and, of consequence, the attendant interest and depreciation charges. = 
i 


cconomy of ‘power. ‘Tesults of f investigation in these three fields will deter- 


& 


a - Against these must be set the decrease i in cost of dredging. iE These items which 25 
y be ealled “fixed charges” are ‘converted into the unit cost of. output by 
dividing the annual fixed charges annual capacity. This item of cost” 


cost of required is proportional to size refine- 
. ment of type, and the unit co cost of labor i is inversely proportional to the capacity. +" 
In the same manner, the cost of power varies 1 with the size and type and the a 
’ p 
unit cost of power is inversely proportional to the capacity ly 
hydraulic dredging method is unique compared to that involving 
the use of other excavating machines. The dredge excavates its material and — 
immediately transports it to “comparatively great ‘distances and there dis-— 
* tributes it. ~The operation is continuous and direct, without the need of inter- 
mediate storage of the excavated material common in most other m methods of 7 
dry or wet excavation. Because of this feature of directness, a fine co- -ordina- 
eS te of all the parts or units is essential. — Continuous functioning of all the 
fon elements or parts is also essential because ; when one part is out of commission ff 
or impaired, the entire dredge i is in the same measure out of commission and 
7 - its ability to do work is impaired. If the cutter is idle, the transportation — 
“system, namely, the discharge line, is likewise out of service. 1 If the main 


pump is out of service, the cutting unit and the transportation unit are > like- ey 


e out of service. If either the suction line or the discharge line i is plugged, 
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DESIGN OF HYDRAULIC PIPE-LINE DRE (Papers, 
hin or a ise idle, the vensiniaiden of the dredge i is out of « commission, ete, a3 


- each one of the units or parts being highly dependent on all the others. rae a 


he total power of the dredge is used largely i in 1 cutting or dislodging a 7 
; “material, ‘sucking ‘it up to the pump with a high percentage of water, and there : 


energizing the burdened stream with velocity and pressure to sustain the trans- 


portation of the dredged material at a a velocity of 10 to 25 ft. per sec. through 
pipe lines of from 1 000 to 12 000: ft. in length. © More than three-fourths of the — 


- powe er is used > in ov ercoming the friction i in the | pipe line, and this friction 


varies “inversely as about the square of the diameter. Consequently, it is 


“nomical to use as large a pipe line as s practicable, because the greater the diam- 
eter, the less is the friction, and also the : range of the dredge. ~The ‘distance it 
- will transport the dredged material economically increases with the diameter 


of the p pipe line. For the same reason, the use of straight, ‘smooth | pipes as far 


A diameter of 30: in, for the discharge i not the limit i in econ- 


omy from the standpoint of. pow per unit of output or from the 
standpoint of the labor involved in operating the dredge alone. Practically, 


how vever, , the shore discharge pipe can be handled satisfactorily - diameters up 


‘ 


- The waste water from n the 1e enclose spoil- bank areas “an well e taken care 
of, and the annual capacity of such a dredge’ is more in keeping with the 
average demand of a hydraulic dredge than one of a larger size. 


- cab As the } power plant of the hydraulic dredge New Jersey, represented w upward | 


two-cy cle, air- injection, eross- head type of Diesel engines, each direct. 

~ conneeted toa generator, was the final selection of pow er plant to fill the many } 
requirements for this dredge in the best way. Among the principal considera ra-— 
tions in this design are e: (1) The fuel economy of the | Diesel engine selected; 
(2) its” convenient and balanced installation in the dredge hull; and GB ) the 


comparatively light w weight of the two-cycle engine per unit of power developed 
in this large size of engine. A four- cycle engine weighing | 70 to 80% more would 


ed 


| 4 of 25% of the total cost of the dredge, it was a matter given most thorough | 


pa 
equire much higher mean effective cylinder pr pressures. The cross-head type, 


and comparatively low-speed engines were favorably considered because of 
= 
their longer life and | more » reliable service as compared to the trunk type or 


- The range and flexibility of the ‘powe r w ere developed by using any com 


- ination of the four units, by the convenient. pooling of the power, and by its 
_ wide- ranged distribution to ) the different motors: on the dre edge to to meet the 
almost momentarily changing demands. Particularly i is this true in 1 clay 1 work, ‘| 
now quite ‘common, where a wide range of quality of material is encountered 
frequently in a single swing of the dredge. These alluvial deposits, 

de ring and on the bottoms of rivers and lakes, are mixtures of solid mater 


‘and water: material i is similar to that of slate, 
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ales” probably are produced from t the soft clays” and mud. weigh 


q from 160 to ‘175 lb. per cu. slates, which have a certain small percentage 


“of porosity, weigh 175 lb. p per « cu. m. . Considering the influence of heat, and. 
- also that the hardest clay particles contain some water, , 165 Ib. per cu. ft. seems 
. e most pro probable weight of the solid particles i in very 8 soft clay and mud , and 
this i is equal to the weight of most stones. The specific gravity of these ‘solid 


clay particles is 2.64, assuming» the specific gravity of water as 1, ‘and its” 


as 623 lb. cu. ft. If v is the vi olume of water in a ‘an of 
day or m mud then (1 — 0) is is a volume of solids, and the > weight of the clay “s 
per cubic foot will be, w = 62.549 v) for example, the clay 
¢ is 10% hys0 by volume e then the w weight t would be 156 lb. per cu. nh. Ff the ¢ clay 
- conti ains 80% , of water, t the weight,  w, equals 83 lb. This shows ‘te wide. range 
Ib. 7 or “about 90% variation in the weights of | clays commonly 

These. values” illustrate. why clays and muds are more difficult to 
“termine and classify and also why they are relatively so costly to handle. 2" 


Sands or - other similar materials do not retain n permanently this high content 


the dredging operation, the water of clays may be 
or. not be changed substantially, depending on the character of the 
clay. I If it is changed, it will maine return to its original condition after it 
has been placed in the fill ares In pumping clay the liquid mixture of the 
suspended ‘particles | not w eigh | 160 to 175 lb. per cu. ft. as” 
in the case of sands, gravels, and other similar materials but while these 
ie particles rather w eigh less, depending on the normal, natural content of ‘elie 
4 in the clay, nevertheless the weight per cubic foot of clay is greater and the | 
work required to move it from ‘the | cut. to ‘the fill is greater. This accounts 
i. for some of the difficulties of retaining clay fills within t the confines of the 
filled area, because it is manifest that, “for higher water contents, ‘the clay i is 
and more fluid. Furthermore, if the fill is a deep one the problem of 
compression of clay is involved. When clay is compressed so that the 
water oozes out, the solid particles remain the same; ; but the height or depth | 
of t the fill is dee reased, and it is important to note that the subsidence in the : 
~ day: fill is not exactly in a direct proportion to the decrease in water content. 
The subsidence is at an increasing 1 rate. + For example, if a clay with 50% 


water is cia T to » 40% water, the subsidence or “decrease in h, the 

ht, would pe - ‘Therefore, it will be seen that if 
the water content i in the fill i is to be reduced 10% from that found in the cut, — 
4 M% x more cubic yards of clay must be pumped from the borrow area than will | 
paid for in the filled area as commonly measured. 


—. 1924 and 1925, the writer had ai an experience: with ae ‘lay - fill on the le 
i at — ago, Ill, in w hich the loss was in excess of 10% in the p pay units 
ge. T his resulted largely from such compression of 
The reclaimed or fled area was approximately 3 000 sq. ft. quite 
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rs 

regular | in shape, and would. correspond toa a circular area about 1960 ft. in 7 
_ diameter, requiring about 110 000 cu. yd. for each vertical foot of ‘fill over 


4 the area. The | average depth « of water Salis the fill was deposited w was about 
F 16 ft. “The fill was of the same material as that of the ground below, and — 
A when hydraulically deposited, it could be considered as of the same quality after 
its natural compression. The clay w was soft, with a natural slope of between 


a on 1 and 5B on + near the surface of the bed of the lake in the cut and in 7 


fill, the lower strata n the cut naturally becoming a Tittle firmer. 


winter periods when | ‘the dredging operation could. not be continued  beeanse 


of the exposure to lake storms and ice conditions. Successive surv veys were — 


taken over the cut and fill areas. 


> Poe? 


Year. height of 


= 


5 
750 2002 590 
1459 1 086 403 


8.490000 | 088 998 


| 


In the placing of the first 


rt approximately 18 vertical ft. of the fill, a compression of only 1 % was 


produced; however, during the second yea year in the placing of the the Ra 
to, a layer about 18 ‘ft. over the previously fill 


omen itutes Ss an | ‘apparent « compression of about 25 per « cent. . The height of this 
7 fill is only about 13% of the width, which i is a comparatively thin» layer. It. 


is conclusive, of course, that much of the compression took place in the lake 
bed and the first 18 ft. of fill above it. 


.. The average apparent settlement on the fill was 3.65 >. ~The water content 
of the clay was approximately 45%, and | its weight was 119, Tb. cu. ft, 
a producing an average pressure on the lobe. bottom of about 1. 7 tons per sq. ft. 


be, By quite an extensive and careful analysis of this lake-bed clay and by com- 
puting the compression, it was possible to account for 266 000 cu. or 
about 66% of the total discrepancy between the cut and ‘fill ‘measurements 


= pie The subsidence that would result in a compression of 66% is equal t to 


2.32 ft. vertical This corresponds toa 4%, reduction in the water 


Ai 

additional power to medium or hard clays is cumula- 


= tive and places a comparatively great demand on the power mans of the dredge, 
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"More power is ‘required for cutting, much more power for transporting ng the 
larger pieces of solids through the pipe, and considerably more power is” : 
“required for handling throughout this denser and heavier ‘material. 
 man-power is required o on the fill for the distribution of, the material. The 

- high velocity required i in the pipe line to transport these larger pieces of clay” 
i is quickly lost at the end of the discharge pipe. . The clay jumps are ‘imme-— 
di ately dropped and pile up near the end of the pipe, and this requires much 

_ additional pipe laying for distributing the fill, but, more important, it causes - 
delays and lost working time of the dr edge while - the | pipe is extended or the ~ 7 


reduce delays + to the dredge, due | to these shore operations, Y-valve 


‘evolving on axis the pipe that enters the 'Y from the dredge so that 
material is deflected from one branch of the Y to the other. The ‘sealing — mf 
edges are built so that they will clear themselves, and will not jam, due to the 


heterogeneous | burden in the stream. ‘While valve is in operation 
¢ cross- s-sectional area (and, therefore, the velocity of the discharge through it) 
is constant while the discharge i is being shifted. 


the fill area is large, the natural slope | may vary with the water ratio, 


and it is very expensive, if not impractical, to place the : ‘fill so » that: it differs 


bo much from its natural slope, which varies with the softness or water- ratio in 


ee | hs. the clay or mud. Clay \ with 40% of w water (weight, 124 Ib. per cu. ft.) is con- 
= : sidered soft. This water- ratio, or porosity, is like that o: of average sand (35 to. 
ning 7 45%) and the ‘material is ‘nearly of the same e weight per cubic foot as sand 
fill), and water. The natural slope of sand in water is about 25°, but the more 
fatty” clay particles, lacking the sharpness of sand, w all only have a 
slope of about 20° degrees. the best clays, when thoroughly wet, will 


hich 

tt reach a slope of 25 ‘degrees. Mud or silt containing 60% of water (104 ‘Ib. per 
4 


cu. bag of old formation i in lakes, has a natural slope of about 4° , and in- 


ina ratio that varies directly as the i increase of water percentage. == ae 

€ Such alluvial clays range from very soft to very hard, and frequently -con-— 
tain boulders. clays: are easy to pump, and others are difficult, devel- 


line unbroken or in same sizes as sliced from the 


i bank by the cutter. Iti is highly desirable to feed ‘excavated material or burden 
into the pump and the line stream uniformly so as to reduce the shock to’ the 
» “machinery ; and it is more important to reduce the delay due to ‘ ‘slugging” 
or ‘plugging: the suction, pump, or discharge line; under the conditions 

j "described it is very roomy to approach uniformity i in cutting or feeding the 

into the dredge. In operation a practical limit is reached by working 


at a momentary overload of burden can be passed through 


ers. November, 1930.1. OF HYDRAULIC PIPE-LINE DREDGE 
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Phe ability to shift pow er, and “speed quickly” between the 
Pt 
“swinging cutter motor, ladder hoist motor and main pump motor is 


of great advantage. It per mits giving to the temporarily. overloaded unit “geri 
“shot” of power and to the overloading unit a reduction at the propitions rial 


a In order to study the problem of designing a dredge it is necessary to have JJ upo 


an understanding of the physical properties of materials encountered and the ~ velc 
field conditions on the dredge and on the fill. Furthermore, it 


a “necessary to know something of the effect of storms, winds, tides, low tem- Ps i 


‘peratures, and slides in the cuts and fills. gull hea 


In any undertaking, the development of a plan or program for a a short. ‘ hea 


aa of a few days is simple; such a program for a year is more involved; 

: and for a 5-year period it is much more difficult, as many new problems = as 
“¢ thereby brought forward for consideration, to be weighed and fitted into the me 
Program a fashion that will make the entire project feasible and “most a 
4 desirable. These longer programs are necessarily subject to modification from 


_ time to ‘ene, and this must be prov ided for, but it will be found that the str 
ie of f looking many years ahead will result in much more stable and 


economic progress than otherwise could have possible The plans 
‘gl specifications for a dredge of the character described in this ] paper must cover 
* program for a period of 30 to 35 years, or the anticipated life of the dredge. 


_ The application and distribution of power in the Diesel-electrie installation 
so flexible that the increased fixed charges” on the additional electrical 


equipment and the loss of r power in the double conversion are more than offset 


i a direct Diesel- -engine installation it is necessary to prov ide maximum 
- power capacity for both the main pump and the cutter and other auxiliaries 


independently. te ‘When the full cutter power, howe ever, is not required, the 
engine supplying this power is at part load and ¢ any surplus i is not available for 


other p purposes. ‘Similarly, when the fu il] pow er is not r required on ‘the ‘main 


Practically, this n means that when refractory materials, such 


shard clay, the power requirement for the cutter is at a maximum while that 
of the main pump may be reduced, due to a decrease in the | percentage of solids 
in the outflow 2 and possibly - to the fact that there may be be a lower friction — 
oe - coefficient than with more e pliable material. In this case, a proper and efficient 
of power can be made by all unite drawing current 
from a common pool of "power, 


— 


Alt ith 
Both the main pump and cutter requirements ‘maximum horse- 


"power ove considerable variation of speed. T ‘cannot be accomplished 


except to a limited extent, ¥ with either a reciprocating engine or a turbine: 
it can be taken care of almost with motor drive. For 
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f 


full- rated horse-power to! 500 rey. per min. at full load with arm: tures 


varallel, and from 12 5 to 2 50 rev. per min., at t full with arma ures in n 

series The slow speed range the cutter is only ve ry soft 


ia 
_ velocity required to transport the aoige material and the maximum which | 


ean be provided by the pump. = 


pee any fixed set of conditions as to length | of line, elev ration, 1 total a 


head, percentage of working time, and percentage of solids in the stream, the 
daily output will be directly proportional to the velocity of of the discharge. _ The 


_ power required for pumping will be e proportional to the velocity and the total _ 
1 head. The total head consists of the suction head, the static or elevation head, 
the friction the last being a low order 


For comparison, suction head and the static head be assumed as 


Wy 
a constant for any comparable condition. The friction head is an exponential 
function of the velocity and the diameter of the pipe. , may be demon 
strated ‘mathematically that there. is point of maximum economy betweer 


4 labor and power, a velocity ‘at which the combined cost of labor and power 


a Eee By definition, the total cost for labor and power w illbe, 


_ The horse-power required to move a given quantity of liquid against ae 


given head is equal —, in which, w is the weight of cubic 


foot; R, the rate of discharge, ‘in cubic feet per second ; and H, 


feet. Th The e shaft horse- -power of the driver is ; this value divided by the ition 
Furthermore, 7? is a function of such 


or = The total head, H, is made up of the static head, the suction n head, ‘and the ~ 
frieti ion head. E Equation (Q) may then be written, 
550 e 


The friction head is an exponential of is a 
ction of the through which the mixture is pumped. Therefore, 


4 


‘J 


this value in Equation (3), 
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_ the rate, R, which i is equal to A V. Therefore, 
Equations (5) and (6) in ‘Equation (1): 
"138. 3S x 


that will least the economic velocity fo 
existing ¢ costs of labor and power on any length of line w _— deneibi be met in 


Economie ‘Vetociry TyricaL Conpitions 


aa In ‘the Great Lakes region labor i is highly organized and, consequent, is 


quently, ‘the « economic “velocity for dredging under those is “high, 

and it is important to. supply the dredge with ‘sufficient _ power to attain it. plies, 

‘ae i In Table 2, Items 1, 2, and 3 give 1 the ecc economic velocity when the dredge 

is handling medium clay and the horse- -power r required for a 30-in. Diesel- rn 

electric dredge based on the labor and costs in 1925 
‘ the design was first considered. 


= TABLE 2. —Economto VE OCITIES Unper Various Conprrions or Drepain 


L,infeet. 


= mined by means of Equation (9) : 
70; = 1.86; 0 = 68; =0 
10. 
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an increase in labor cost, a 3000-h.p. motor was. 

i csanenioe the conditions obtaining i in 1930 the corresponding values of V and P, 

4 are as given in Table 2, Items 4, 5, and 6. The actual velocity ¥ was checked - 

’ at times in the field by injecting a salt solution at the dredge pump and — 

: observing the time e required for it to travel through the pipe line, its passage = os} 
at the discharge end of the shore pipe being detected by: a galvanometer. _ qe 

| From the general Equation (10) developed for finding the economic 7 : 

‘it is possible to study the effects on n the cost and shaft horse- -power 1 require- 
ments, ete., for different values: of the other factors involved. No effort has 
been here made to catalog partial unit costs of hydraulic dredging work as 
. frequently printed, but rather to make a valuable contribution to the exten- 
sion of the field of knowledge itself. very careful and comprehensive esti- 


‘of the entire situation each piece of hydraulic dredging work 


‘such estimate, unit costs are and misleading, 
eae owing the unit cost on one piece of work, a futile attempt “'. 
is made to correct for the difference i in conditions ¢ and the situation on another 
by ‘mere interpolation without fully r recognizing the principles and f unda- 

In developing (10) the costs of labor and ] in- 


slant and the interest on ‘the investment; ; the cost of ‘shore labor for dis ag 


= the = ‘material; the cost o 


moving the equipment on and off the work, cost ‘of marine 
the cost for work done outside the s section, and effects of shrinkage and 
settlement. ° The miscellaneous items of cost are practically independent of 
the velocity - and the power and may be considered either as current or fixed — 


annual. charges, depending on the annual output only. 


wi _ Table 2 shows that the velocity and the horse- “pow er required for economic 

3 operation is “greater on short lines than on long lines, although the head is 

: less. Iti is a characteristic of a centrifugal pump that the peripheral velocity 

d of the impeller, and hence the revolutions per minute, is a function of the 
‘square root of the total head. For values of Z from 2000 to 11 000 ft. at 
economic velocity of discharge, the head will increase in each case from about 


ie ft. to > about 220 ft. or, or, _ the ‘square root, of the head changes from et 


rated full- ‘load on long lines, the pump ‘must deliver 23% more “power 
the same conditions. In the ‘case of a steam engine this. can an only be 
by putting in an over- -sized engine and using: it at less than full load 
on long lines, or by using a smaller sized impeller, or by doing both. The | cy 
i disadvantage | of this is that there is a lack of ‘flexibility. This is also true. in of 
bes case of di + Diesel-engine drive. In either case the e horse- power is ‘Propor- 
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ly, is 4 

high, i 

redge 

iesel- — 

a 

when 

NG. 

| 

— — 

= 

| 

4 

hich, 

2.55 


tional to the rev per ‘minute and the per minute 
be varied independently of the horse- power without considerable | loss, 
‘This condition can be met with an electric motor of 1 proper design. Compv- 
tations indicated that the value of this flexibility ‘more than offset 
of energy in the Diesel-electric ‘conversion. 
oF DECREASING THE OF ATED Marertat 


w = 68 per cu. ft. and = 0.067 Equation (11) 
W = 1445 5 lb. per cu. ft. _ This corr responds to a hard heavy clay. If W = 124 


db. per cu. ‘ft. corresponding to a medium sand, then, by Equation (11), 


In Equation (6), the output, O = S A V 
as S, but inversely as W. | - Therefore, a decrease of 14% in the specific weight. of 
the material corr esponds to an increase of about 34% in the carrying capacity 
of the discharge, assuming that f remains constant. — That is, for W = 144.5, 
 -V = 22.5, and § = 0.067, O = 14700 § = 14700 X 0.067 = 985 cu. yd. per 
t Mees and for W ail 124, V = 22. 5, and § = 0. 0894, 0 = 4 ig X 0.0894 = 


c ctly 


or V: ARIATION IN f Urox Py 
4 Under typ saa service conditions for which the New Jersey was con trueted, 


. — the value of f has been —— given as 0.523. If this value i is on ( to 


wud 
of b = will change sortionately, the economic 
.420, the value. of b= * prope ,a 


for Items 7 8, 9 of Te able 1 are found | by (9). 


increased 8% and P, is still 2% 5 and for a decrease i in fi of 20%, when 
L = 11000 ft., V is inbesadi 24% and P, is decreased 123 - per cent. | sic 


Approximate ‘Erreor ON AND O OF or DEcRRAsE ‘OR Increase 


For ty pical s service conditions, previously described, the exponent, 


show that wrease in f of 20%, L= = 2000 ft. »V is 
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DESIGN” OF HYDRAUL 10 PIPE-LINE DREDGE 
d = 2.5 5, , 1 ‘nit , and V = = 22.5. If d is reduced ee 


— = 23. 8 for d = 2. i that is, a 20 
0. ).262 


5.8% increase in J 


‘rom Equation (6), ,0 = (188. 3 x 0.067)AV. — 89AV. For 


4.90, Consequently, 8.9 X 49 XK 22.5 985 cu. yd. 
2.0, = 3.14, and V= 23. 8, therefore, 0 8.9 > 


3.8 = = - 665 cu. yd. per hour. This illustrates that, for a decrease of 


20% in is reduced 320 cu. yd. ‘per hour, ¢ or 323 veg 


-Errect on C or Decreasing THE DIAMETER OF HARGE 


ad 4. 


0.01034 ¢, Ly (15) 


C= + ; 


the value of Equation | (14) for Vi in (15), and 


L 


The at C for economic velocity varies inversely 
power of the diameter. . The unit cost of labor, ¢;, is also” some functio 0 

the diameter ; it is larger for large diameters. However, C1 be considered 

- constant for values of d between 2.0 and 2.5 ft. and a constant smaller value 

for diameters less than 2. 0 ft. _ The unit cost, does not: decrease propor- 
tionately with d, and even if it did, it : appears in the numerator to a fetictional 
power, while d in the denominator as a power greater than 1. Hence, 


the unit cost may be decreased the diameter of the discharge 


or OF Operatina ar VELOCITIES AND ER Ve 
; _ The value of V for minimum cost is given by ‘Equation (9) ssuming — 
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GN OF HYDRAULIC PIPE- LINE DREDGE 
Under service conditions previously "described, the shaft 
yer, is d r latio 


to a minimum | Vv value of Coceurs: when v= = 


orres 

Substituting this latter in Rapadion (18) and writ riting D for 


- 0.1442 Db..... 
4 


The shaft horse-1 “power varies directly with D and b and in- 


versely w with L. all values of V greater than, less than —, 

increase. Since P, varies directly with application of any shaft 


horse-pow er greater to al 


V and P, for a particular py L equal to 6000 ft. It 
‘tol most clearly how definite Points Ve and Pee are, and how sharply the value of 
“¢ rises with the application of power either less or greater than ; the 
Values of Unit Cost, C, Gin in Dollars per ( per Yard 


_ in Feet per Second 


co 


_ 


‘ 


= 


Fic. 1. SHOWING THE RELATIVE EFFECTS OF VaryING THR VELOCITY 
_ OF DISCHARGE AND THE SHAFT HoRSE-POWER. 


Error ‘OF BouLpERs IN Hypravic 


of this element of the dredgeman’s was 
le ft to the last 80 that the foregoing | engineering principles and finer analysis 
might be g given calm and deliberate thought. Boulders are frequently mixed 
with» clay and sand in natural deposits. Many times they a1 are promiscuously 
i distributed ; sometimes they are more or teas uniformly scattered ; and at other 
_ times they are found in nests a as if to make : a concentrated a attack o on n the dredge 


percentage “of boulders by “volume in n the | ‘proposed cut eliminates it See the 


Beam 


dredging method excavation. In fact, the 
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secure that pert of the not ing ig the handling of them, 
All boulders are highly objectionable i in n this ; method of excavation, or 
"size me most detrimental is that critical one which will pass through the opening — 
in the cutter and will not. pass through the opening in ‘the. pump flyer. 
becomes lodged sometimes tightly jammed, thus badly unbalancing the 
~ flyer and making it necessary to shut down the dredge for the removal of ~<a 2 
boulder. These are expensive delays and, in terms of unit of excavation, may 
as much as $200 to $500 per cu. yd. for r the boulders e encountered. ‘Boulders 
that are too large to | enter the cutter, or become jammed in it , or smaller 
boulders that will pass through the pump and discharge line, are not 80 objec- _ 
_tionable; but they are highly undesirable, and their presence seriously hetaud 
all the calculated economies set forth in this paper, 
kee ‘There i is, , of course, a a relation between th the size > of « opening i in the cutter | and Ae 
on in the pump flyer. The cutter designed for maximum efficiency in clay 
will have a maximum opening or clearance between blades of approximately | 


; six: -tenths the diameter of the pipe line. © For low- -speed dredge pumps the — 


minimum opening or through flyer. vanes \ would be approxi- 

mately five-tenths the diameter of the d discharge pipe, and for high-speed pumps 
. - $01 mewhat less, because of the flatter or less radial shape of the vanes. As the 


efficiency of the main dredge pump is so important, an efficient design of the > 
‘impeller cannot well be > compromised for this boulder condition. Similarly, the — 
j efficient design of the cutter is very important and, therefore, these 


dimensions for both cutter and pump are more or less fixed. ‘The particular 
size of boulder that will will become lodged i in the cutter or in the pomp is the z! 


size and, of. course, this varies with the size of the dredge. 


81 
4 
ye 2 
course, in proportion to the percentage o of the size of boulders in 
iy area to be excavated, and also to the output of the e dredge. While t the ‘presence — 
of boulders has | a great ‘effect o on the cost of the work, there is no formula, 
either | theoretical or empirical, that is applicable for determining the effect. 


ii Only by careful analysis and long experience can this element of the cost be 4 4 
even roughly estimated for any job. ad Rage 4 
‘The critical size of boulder for the New Jersey is 3 to 5 cu. ft., or 400° to Be 
t 700 Ib. ; but, at , times, and on n short-line work, much larger ones are taken from ] : 
example, a granite boulder weighing 1050 lb. was taken from 
5 this pump at Toledo, Ohio, on. July 5, 1929, while dredging heavy hard clay 7 
mixed with sharp gravel. This combination of material is somewhat unusual 
and difficult to handle. : Mysteriously, the minimum dimension of this large 
boulder (19° in.) was more than an inch 1 greater than the maximum distance ie: 
between the cutter blades, and if this is accounted for by springing these heavy 


- short blades, it furnishes a & new measure of the forces to be resisted and the 
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eason different factors involved an their relative importance for economic operation, = NG : 


ers construction of the New J factor of great 
; tance, ‘of course, is the general time efficiency of the entire dredge. . Such 
- dredges | are usually operated 24 hours per day, and the time efficiency is one 
‘ratio of the number of w vorking hours” to the 24 hours, and fos obvious “reasons 
too numerous to mention, this has been kept in mind in the design of every 
Having determined that a dredge with a 30- in. discharge, with Diesel- 
elec ctrie drive, is 1 the most economical within practical limits and the best | 
Pike commercial type of the | avi ailable sizes or types ‘of power installations, the 


omponent parts necessary for the successful 


Hull. —T he first consideration in design, of course, is the hull, which 


ed SO as to provide for the weight ‘machinery, fuel, 


vibrations set Lup by the Diesel engines, as well as the stresses incident to 
- dredging operations, and that it be able to aa the dredge without cemnedl 


ss The limitations were that the hull should not ‘siaaiatieal much water \ w hich 
eliminate it from wo: rorking on shallow projects, and that its length and 
7‘ a breadth should 1 not exceed the capacity of locks in canals between the Great 
a Lakes and the Atlantic Coast. - It was found impossible to keep within ‘the 
* ‘required beam, so the hull was constructed with a detachable side section to 
lng it within the required width. The dimensions finally decided | on were: 
Length, 245 ft.; beam, 50 ft.; . depth (moulded), 14 ft. 4in.; ; and draft (working 
‘The bull proper is divided into compartments by a system of water- tight 
bulkheads. affords maximum | protection | against sinking from ‘collision 
a. other mishap as well as protection against damage to the el electrical equip- 
“ment should any part = the hull be f et The side compartments a1 are e used 
for the storag 
‘ee » used for the machinery. fe The main bom and main pump motor are in 
separate compartments to avoid ‘damage to the motor in case the } pump ‘should 
be broken by a boulder, | or from some other cause. . These bulkheads add con- 
"siderable strength a and rigidity to the hull structure. 
as In 1 addition, there are two longitudinal trusses, at 23-ft. centers, the full 


Tength of the hull. They are at bow to the for 


"The of these trusses is than that found in bridge 


zee practice. Tt was desired to keep down the height of structures above water 


reduce wind resistance. and maintain low bridge clearance. To have given. 
tae ‘ss the truss greater depth w ould have necessitated running it through the roof 


Poise of the lower house which would have made it unsightly and left opportunity 


+ 


for leaks. In addition, it would have projected in into the living quarters which 
would have made that part of the layout quite complicated. ~The additional 

weight due. to the reduced “depth is 1 not great and adds to rigidity of the 
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- Another novel feature i is the shaping ‘of the ends of the hull. This is done — 
to reduce towing resistance. As early as 1914 the writer’s Company had tests 


at Rensselaer Polytechnic Institute, Troy, to determine the relative 
_ resistance of square hulls with ends 1 s varying in shape. The models had square 


was 


ASOns | with differently shaped rakes. It was found at that time that a section: 
every of compound curvature increasing ¢ at the bottom had the least resistance. Later — 


tats ‘made by W. C. Sadler, M. Am. Soe. C. E,,' at the e University o: of Michigan, 


developed the fact that a rounding of the deck section still further reseed - 
the resistance. _ The results of both these series of tests have e been included in 


— 


Another fea of the des ign is the ‘recess at the after star-— 
board corner to accommodate the stern ball. ec connection in the discharge line. 


4 a Two methods are o1 ordinarily used for this connection, either a) to bring the 

= discharge pipe through the hull near the water-line and support the connection 
the 


an frame, or gantry; or (2) to bring the pipe above deck and use 
nt to 


ilure 
. 
vhich 


a swinging elbow in a “gooseneck. Both methods have serious faults. * The fret 
has the ‘disadvantage of a a connection that is more or less to its 


"being i in or near the water ; the second involves short- radius elbows, and brings 

- the discharge too high above the w ater. The 1 new ‘method meets the objections 
to both, eliminating the elbows and putting the discharge pipe at the proper 


Jreat 

it a Deck House and Crew Quarters. —T i main deck house is of steel and p 
on to 


ida vides a complete enclosure for the machinery, leaving a deck space of approxi- 
were: 
a mately 9 ft. on each side. This : space has guarded bulw arks 30 in. high around — 


rking - the ends and extended « about: 6 ft. along each | side, with chains ‘supported by 


removable steel stanchions between the bulw arks. roof is ‘supported by 

the longitudinal trusses. ‘The doors in the lower are of steel, ‘and the 4 
are fitted with wire glass in steel | sash. 
‘The upper house rests on the steel roof of the lower house. ~ is of wood 
‘construction throughout and is divided | into rooms, comprising 18 state- 


rooms, 3 toilets, 3 baths, 2w ashrooms, | 2 dining- rooms, 2 storerooms, wie. 


less 1 room, , office, galley, pantry, room for ice machine, refrigerator 1 room, officers 
lounge, crews’ social | hal 


ae It has been found ‘that comfortable quarters for the | crew on 


‘this kind where the men ‘spend most of their time on board, | is a great asset; 


it keeps them satisfied and more inclined to ica with their job. ~The provision 
of an officers’ lounge and | . social hall for the crew may appear extravagant 


at first, but it. must be realized that it is. ‘only necessary to” take a very little 
fom each of the staterooms to make this space available, and that. the com 


social halls afford opportunities for recreation which could not be made 

coms are heated, lighted, and well ventilated, and open into a 


common corridor in the middle of the house. Over this corridor for its full 


length is a monitor with ventilators. he galley is fitted 


6 


which 


lockers, shelves, and an oil-burning range. Complete culinary eq 


Provided for a fifty men. awe 
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~~ gging depth of 50 ft. is hinged to enact’ in the bow well, with its outer end — 
su ispended through wire-rope tackle blocks from the bow gantry extension of 
the main trusses. The lower end of the ladder is formed by the steel casting z 

uction head made in two pieces with two bearings for the cutter shaft about — o 


0 ft. apart. The outer bearing extends well inside the cutter head and con- . 
sists of a sealed and water-lubricated cutless bearing. The suction head has 
a pressure-water ¢ chamber with jets directed into the suction inlet to assist 
in freeing a clogged pipe. Lugs are provided for ‘the pr purpose of anchoring the 4 
- ‘ladder ‘suspension tackle and the swinging sh sheaves. Heavy flanges serve to tie 
. the suction head thoroughly to ‘the structural part of the ladder. r The upper — 


ladder end has three heavy annealed steel castings which form the todder bl 
and foundations for the cutter motor and gear box. 


‘aan The cutter head (Fig. 2) was designed and built by the writer’s Company. = 


It is an integral alloy steel casting with eight spiral arms connecting the hub | 
and back r ring. ~ Replaceable chrome vanadium blades are riveted to the pte 
_ The hub is taper-bored and keyed to a 13}-in. cutter shaft which is supported — . 


by two bearings i in the suction head, two in the gear box, and four interme. a 


diate bearings mounted « on transverse ladder girders. ‘The lower bearing is 


designed to transmit the axial thrust of the shaft to the ladder. 


- ‘The 600- h.p. cutter-drive motor is mounted on the ladder and ais the 
cutter shaft through a flexible coupling in ‘combination with a slipping friction. - 


‘The first set of reduction gears is of 1 the herring- bone type; the second set, 
consisting of the cutter shaft gear and its ‘pinion, is « of the single helical 


; type. . Both sets are encased and run in oil, with all gears | and pinions ‘mounted — 


bale 


between two bearings built. into the gear casing. The cutter shaft i is made 


sections held together with bolted and keyed. couplings. 


i 4 
Bs Suction and Discharge Pipe. —The suction pipe has an inside diameter of 
in., , and enters the hull through : a packed and water-sealed ball joint which 
- i is bracketed to the end of the well plating and the deck concentric Ww ith the 
ladder trunnions. A readily 1 removable manhole section next to the pump has 
a hydraulically- operated hinged cover, the m mount of f which to -fune- 


7 
ie The discharge | pipe has an inside mony of 30 0 in., and is located — 


joint is provided with spring contact with a 


fram e to limit its transverse angular movement. A gate- -valve sec- 


a ik is placed in the line immediately forward of the ball joint, and there are . 


Ow 


two ‘manhole sections adjacent to the discharge. Replaceable plate I liners 


ae 


number of “novel 
ith. 
been in ‘its It is of the square ~casing 


recommended J. H. Polhemus, M. Am. 
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Coe charge line with a rubber-packed, quick-opening ball joint mounted in a gimbal 
a 
a fittings on the dredge have cast-alloy steel liners. The 
a are held together by special rubber-sealed pressure joint 4 
— 
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| “marked degree of success with h that type of pump on the P ort t of Poland 


(Ore. ) dredges. The casing is of alloy steel and consists of an outer 
ting with the discharge outlet cast in one piece. It is about 9 ft. in diameter. _ 
~The inner face being flat, it is. stiffened circumferentially and cross- wise over 
the 33-in. thick metal ith, ‘rail- -shaped ‘ribs. The side flanges have ‘slotted 
holes for bolting to the front and back ¢ ends. ‘The periphery of the ¢ casing is 
lined with plate sections held with countersunk bolts. front and back 
“heads | are well- ribbed alloy- steel castings with double liners held to them = 

ae sunk bolts. | ‘The liners which contact with the material, are made in 

a number of 7 pieces. to permit obtaining m: maximum wear on all. sections. — The a 
liners adjacent to the casing are somewhat heavier than the disk liners and 

alloy- -steel castings ‘made in sections. The disk liners are plates. The 

_ suction-mouth liners are heavy iron | castings held i in place with studs. A 

-rubber- faced pia il ring may be set up from outside the suction ment, to 

- limit the clearance between it and the runner. This tends to prevent a eircu- 

ation from the discharge pressure chamber to the ‘suction inlet, thereby main- 
taining the pi pump efficiency. and eliminating wear. Sat 

OE experimental purposes, , there are two runners; one with -@ square, oat 
the other with long-sweep, throat. Both are’ alloy- steel castings of 
shrouded with four vanes a and threaded tc to receive the runner shaft. 

nut serves to lock the runner in place on the shaft. _ The runner and thrust 
7 shafts are 143 in. in _ diameter ‘and are made in three sections bolted together _ 
Bice: flanges forged with the shafts. _ The intermediate or short section is 

removable to permit of readily 1 w ithdrawing the runner shaft through the back 
head. shaft has. a re eplaceable- sleeve where it passes through the water-_ 
“sealed: stuffing- box in the back head. motor- operated turning device 
- - sisting ofa a worm and v Ww vheel which may be readily thrown i in or out of engage-_ 
i ment, » serves t to assist in backing the runner off the shaft or to lock the shaft 
against turning The thrust shaft has one collar which transmits the thrust 
; to the base through an over- -sized two- “way, oil-lubricated, water- ‘cooled thrust 
: bearing i in combination with a radial bearing. The radial bearing next to basal 
pump back head is of the same + “pal 
ag Three heavy cast-iron bases: are securely bolted together to form a rigid vn, 

foundation for the motor, p pump casing, and bearings. Holi 
y 4 
"single The drum hoists the ladder and is driven from a 110-h. 
aha ith “control for dynamic lowering. The two drums next to the ladder x 


Bi vcse drum are used f for swinging the dredge in normal oper ation, and the two 
outer drums may be» used for side-breasting or for rane service. A 125-h.p 


motor drives the ‘swinging and the auxiliary drums. ~The motor pinions 


Pe 


mounted ¢ on stub shafts. 2 _ Each set t of first- reduction ‘gears are of the herring- 


“and the visions which mesh with the « dru: um m gears, together with a an in independent Zz 


+ type encased an The second set of intermediate gears 


which has a winch head on n each side of the house. The intermediate shaft 
rposes. ~The hoisting drum is grooved 


a other drums have plain barrels. ‘All gears have cut teeth. 
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DESIGN OF HYDRAULIC ‘PIPE- LINE DREDGE a 
- air- machinery with the driving motors is mounted as a 
a Stern Winch. —The stern winch is mounted on ‘the deck: aft of the main 
engine hatch and | forward ¢ of the spuds. It consists of two drum shafts upon — 
each of which is loosely ‘mounted a grooved ‘spud drum ‘and a plain barrel 
auxiliary drum. ” Each drum has an independent friction and brake which, 
= together with the drum | gear pinions and intermediate gears, are mounted on 


an intermediate shaft, coupled in three sections, with a a winch head on the 


in “oil. The auxiliary drums m may be used with the auxiliary 
drums for breasting the dredge, for warping the pontoon line, or for auxiliary | 


erane service. . The gears, frictions, and other winch details are similar to 


those of the forward winch. The machinery ‘and motor are mounted as a self. 


Each line is s distinctly ‘marked. if desired, the ‘stern winch 

the motor) may be controlled from the stern as well as from the - pilot- -house. 

The pilot- -house is the full width of the deck-house and has windows on all sides. 

It houses the controls for the ‘cutter, ladder hoist, forward and stern winch 
= motors, a push- button cut- out for the main in pump motor, as well as all meters” ; 

=. and gauges for the motor and 1 main ‘pump. — pilot- house i is in communica 
tion with the engine-room and the other p signal, ; 
Spuds. —There are two spuds mounted in lined steel casting keepers in 
wells cut into the stern with a space of approximately 20 ft. between the upper | 

and lower keepers. ‘The upper keeper reactions are taken directly into’ the 
hull trusses. stern of each keeper has a pin-connected gate which may be 
yi opened to unship the spuds. ¥ ‘The spuds are 48 in. square, made with corner 
; angles and side- plates, and two internal latticed trusses in ‘the fore and aft 

dizection. = lower end is of novel design ; it consists of a heavy 


an inner to which the square spud is 
 Beski and washers which form the contacts between the inner and outer: 
points, are made of special brass. The spud-hoisting sheave is mounted in ‘the 
= end « of the inner casting and is thoroughly rope- -guarded. The rotating- 
point feature relieves the spud of all torsional stresses which otherwise ‘would d 
~ have to be transmitted through the spud to the keepers when the dredge swings. — 
Another very unusual feature is the provision for pinning ‘up on the spud 
as is done ¢ on the forward ‘spuds of a dipper dredge. This assures a firm erip 5 


rotates, ‘the tending to prevent loosening the grip by enlarging the hole which 


tions on 
mounted i in a steel bracket 1 to the e upper end, by! 


=: 


— 
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2 operated field rheostat between the limits of 250 and 360 rev. per min. _ This a 


ESIGN 


Power Plant —All main units are a -600-volt ¢ direct- 


3 current power line energized by four 800- -kw. parallel- operated, -direct- current 
- generators. Each of the latter is driven by an 1150 b. h. p. . vertical, 6- cylinder, | << 
"7 180 rev. per min., Diesel engine of the 2-cycle, air- injection, cross s-hand type. 4 
The engines are mounted on heavy longitudinal girders which are tied into 
“the deep transverse floor system with plate intercostals. The generators and 
4 outboard bearings are mounted on steel-casting bed- plates. 


| 


BA is ‘The main Diesel engines are right and left hand with the operating gear 
for. each on the inside. The air compressor, scavenging pumps, lubricating oil 
pumps, _and fuel-oil injection | pumps are built integral with the engines. - 


 fresh- -water cooling system consisting of re- -coolers, filters, sea and fresh- -water 


‘pumps, and a tank into which the water is discharged from the engines and : 


i. redrawn by the circulating pumps, maintains the engines at a proper tempera- a 


ture by circulating water through the cylinder jackets and pistons. _if desired e. 
water may be used for cooling purposes in which ‘case a small pump pre- 


“i. dredge i is equipped with 53 motors having a total normal rating of 
a pre 4 600 h. Dp. The main motors are operated from the 600- volt main genera-— 
tor busses, ‘and this includes all motors of 5 h. D., or ‘more, except the 74-h. p. 
 bilge-pump motors. The other motors” are for auxiliary service and are 
units less than 5h. “They operated from the 125- -volt bus which is 
4 gized from a 7 5-h. p. motor generator set, or the 75-h. p. Diesel engine set. _ aie 
‘The main pump motor is of the adjustable speed type and will normally — 
develop. 8000 h. continuously Resistance is used for starting duty only, 
— which ‘means a sufficient period of time to fill the ) pipe line. Push- buttons in . 4 


the « engine- room serve to regulate the speed of the main motor ‘through a a motor-— 


Tange is sufficient to allow for all reasonable service variations due to the pump- Reo. 
prea" 
ing of ‘different grades of material ¢ or. variable line lengths with the same 


Tunner. ‘This type of motor and control permits of efficient operation at full- 


i load rating at any - speed within the range, thus using the e entire output of the a 
power plant for variable duty, which | assures ‘maximum output at all times. 
The motor may be stopped by a push- button i in the operating room. bes 
cutter motor has a full- load continuous rating of 600 h. , and will 
, develop overloads for time intervals up to a maximum of 1 100 h Pp. for 5 min. 


the method of control is entirely new. The motor is of the -adjustable- ‘speed, 


is considerably more ‘power than has ever been applied. to a cutter and 
_ double-armature type with resistance for only heavy- duty starting. " The normal © 


"speed. range with armatures in ‘parallel is from 250 to 500 rev. “per min. for 


full loads or overloads. _ With the armatures in series, the speed range is from 
¢ 125 to 250 rev. per min. with about 50% of the normal load or overload ‘ratings. 2 4 
This arrangement with the 4:1 speed range gives efficient and flexible « control. - 
: The | power developed by the motor at slow speeds i is ample to satisfy the service ae 
condition, as the slow cutter speeds are required for easy digging only. The 


cutter and motor controls are interlocked, which automatically slows 
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the swinging speed when the cutter is overloaded and restores it after 
cutter motor has pulled through the overload condition. 
‘The ‘swinging motor has a continuous rating of 12 5h. p, and is nile 
Ss the variable voltage motor-generator set with a Ward- Leonard system of 
‘ control for starting, stopping, and regulating the speed from zero ‘to 700 rey. 
se per n min. This system is used on the swing motor because of the necessity for a 
th ery wide speed variation and more reliable protection for the cutter ‘motor 
through the interlocking control than could be obtained by a resistance con- 
> trol. A solenoid brake is provided on the ‘swinging motor to prevent t the dredge — 
drifting g through ‘wind or current action. 
ladder ‘and spud-hoist motors | are of the series-wound mag- 
_ netic control and dynamic lowering. Solenoid brakes are provided, which set 
on the neutral pc position ‘of the control lever. Both ‘motors are controlled through 


the pilot- house, but the spud-hoist motor may be controlled from the stern if 


ys 


unlocked through the pilot-house controller. Both motors have a 75°, half. 
a ‘Miscellaneous Equipment. —There are two 10- ton, hand- -operated traveling 
cranes, of 21 ft. span, mounted on overhead runwa ays and supported by the 
truss posts. - The runways extend over the upper end of the ladder to the bow y 
gantry. ‘For making heavy ‘4 ‘lifts, , both cranes be used together vat any 
point in th the length of the runw ay. oa There are six 5 5-ton, deck- mounted, cargo 
ranes, three forward and three re Blocks, lead sheaves, and anchorages : are 
rovided for operating these cranes" b by hand, from the winch head, the | » auxiliary — 
rums cof the | bow, or the : stern Ww inches. A jib crane is pin- “connected to the 


suction head at the lower end of the digg ring ladder, and is designed to fold 
ck so as to be held by the ladder suspension bars when not in use. ae, dake: | 


— 


oe 
~*~ 


2, 

] 


ba 

AB ton, stockless anchor with 150° fathoms of | stud-link chain, operated 
a 30-h. p. worm- -driven | anchor hoist, with a locking gear and hand- 


“operated brake, is located between ‘the ‘spuds on the deck, with a ‘chain locker | 


below the deck. A 30-h. p. capstan, with hand-operating mechanism, is located _ 


ste oF THE Gyro- Comp. ASS TO Drevaina Work Wnt b 


Under numerous circumstances, especially ‘when working in the lake at 


ome distance from shore and at times when weather conditions prevent the | 
Bs of ordinary ranges placed on shore, it is desirable and often essential that 


a a means be provided on the dredge both for determining i its location with 

As “reference to fixed points on shore and the width and direction of the cut being 

pee A partial solution of this problem was suggested in the use | of the com- 

wat To be of value in this’ respect the compass would have to be under the 


s constant view 0 of the operator and, because of the many cables carrying g heavy 

. ea currents which pass, through and about the operating poom, the mag- 


netic compass proved to be of little value as it could not be adjusted to m: vin 


tain true readings. 

The next ‘Suggestion was the use of a gyro- compass which is not affected by 


the. presence of electric currents which has an additional value in that its 
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‘DESIGN OF HYDRAULIC PIPE-LINE DREDGE 


iiss are prerewe s given in true azimuth. te this manner the compass read- 


— ings can be adapted to a survey based on co-ordinates the axes of which 


parallel to and perpendicular to the azimuth without, correction. 
pe 


- The installation consists of a master compass which contains the ZYTOSCO} 


and all its mechanism, together with one or ‘more repeaters, which has the | 
was 
advantage of providing a relatively small instrument in the repeater r which 


be placed in a convenient location. These ‘repeaters are provided ‘either 
with fixed horizontal compass cards ¢ or are a in gimbal rings for t tilting 


in tlie ‘plane most. convenient for yeading. An asimuth attachment | 

"4 also provide od by use of which the position of the » dredge m may y be deter mined 2 
by triangulation, with fixed points on shore, the co- -ordinates of which are 
known, More exactly, this ‘Process gives the location of the oe 
which, by re reading the heading « of the dredge, the exact location can be deter 

by means of a small template of f the same scale a as the survey map. 
The installation, this instrument proved a complete solution, of this: 
and it was found that the dredge could be located | vithin 
— accurate limits by this means. Likewise, having established the location of ‘the: 
- dredge, the cut can 1 be maintained in any pr edetermined direction and of. any 


_ predetermined width by controlling the s swing of the dredge : an 1 equal iene 


After this installation was made po to be further 
addition wa was made to the installation which consisted of a recording repeater. 


The record of this repeating instrument was made on a paper strip, »7 in. wide, : 


Vs which gave the azimuth re readings a across the sheet, ‘passed under the recording =: 
pen at a rate of about 4 in. for each 10 min. of time. The clock mechanism : 
was operated by an 8-day movement, ‘and the record was of sufficient 


Ino ordinary use on board ship this record is almost a straight line, showing 


~ only va atiations from the established course of the vessel due to windage, wave > 


action, or other disturbing forces which alternate with the corrections applied 
to these deviations either by the wheelsman or: by the automatic steering 


mechanism: which is often applied to it. he curve produced by this -record- 


i ing and dredging operation, however, is quite different ‘ It consists of a seri 
of diagonal lines which record each swing of the dredge, indicating the azimuth 
reading at the end of each swing. _ Delays s are recorded by a straight line i in a 


4 
- direction of the chart so that a ‘complete record of the operation of the dredge 
is ‘maintained, indicating the exact number of minutes occupied in actual 

us redging, during which time the dredge is swung either in one direction or 


= In addition, the operation ¢ of moving the dredge » ahead i in the cut by v walking — 
Kin 


it on the two stern spuds leaves a characteristic record. _ The swing « of the 

dredge i is interrupted on the chart by a delay o: of about 1 min. or 2 min. , during» 

which time one spud is lowered and the « other raised. This is followed by 
bs continuation of the sw swing ng line through a a certain number of degrees, and fol- g 
es Towed again by a delay of from 1 min. to 2 2 min., d , during which time the oe 


are revers sed. From the distance between the. centers of the » spuds and the angle 
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~ ay moved through in the walking operation, the wasiien of f foot which ie dredge 
will be advanced, can be determined. Checking the computed advance of 
dredge over ‘a considerable period of time by location from fixed p points < 
: _ shore, i it was found that this method was especially accurate. — . This compass — 
. _ record gives an accurate determination of the width of the cut and the advance 
of the dredge so that, knowing the elevation of | the bottom before and after — 
dredging from soundings, t the quantity of material moved om vical with 
accuracy from day to day and from 
_ As an essential part. of ‘the dredge operation, ‘especially designed pontoons 
shed together support the discharge pipe, ‘and a special derrick boat at the 
- discharge end permits of a wide Tange of free flow from aie end d of si sala 


dative problem has been worked out by the ‘organization of the 
Lakes Dredge and Dock Company, of which the writer is President, by R. Vv. . 
; - Hoopes, Vice- President, and A. Neveling, Chief Mechanical Engineer, with the 
assistance of James Polhemus, M. ‘Am. Soc. E., Chief Engineer of ‘the 
= of Portland Commission, as Consulting Engineer, together with the Engi- P 
neering Staffs of the Bucyrus-Erie Company, of South Milwaukee, , Wis., the 
Manitowoc Shipbuilding Corporation, at Manitowoc, Wis., the Busch- Sulzer 
‘Brothers Diesel Engine Company, of St. eins Mos and the General Electric 
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AMERICAN 8 CIVIL ENGINEERS 


| ‘This Society is not responsible for any statement made or opinion expressed wT 
its publications. 


my 
ccm Highway location 1 problems are treated very broadly i in ‘this ‘paper. Ba 
eally, the ‘subject has been divided into two o parts. The first part, dealing 
with, physical aspects, emphasizes the dangers attendant upon locating new — 
highw ays sO that they follow old routes. ~The advantages of aerial photography 
are ‘mentioned, and aerial survey ‘methods adopted by the Texas State Highway 


In the second part, the paper describes the non- shouted: aspects of highwa > 


location, such as economy, cand utility of section is 


d the 


Ries When the highway location problem is s solved, the highway. problem itself 

is well on its way to solution. _ Early i in 1929 one of the influential and best 

“informed members of the Texas | Legislature : sent a questionnaire + to the State — 

cera: Department, requesting information on various phases of its program. =~ 

One of the questions was ¢ as follows: “Give the average life of roads a ; 

the various. approved “types of construction, such _as reinforced concrete, 

conerete with an asphalt surface, macadam, gravel, etc.” The answer given 

was that the life of any particular type of road depended, first, on its location ane 
= ‘second, c on . the width of its right of way, and that the type of surface! 
8 of consideration. Of course, in ‘this reply the writer had in 


a but wished to bring forcibly to the attention of those » engaged ; in enacting high: 
. 7 _ way legislation that the life of a highway should be consider ed as the length a 


* Presented at the Joint Meeting of the Highway gad Construction Divisions, ‘Dallas, 

 Tex., April 25, 1929. at Pye discussion on this paper will be closed in ‘March, 1931, 
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HIGHWAY Y LOCATION: GE NERAL ONSTDERA TIONS 


ld or could be used as an artery alk trade. He 
we to the fact that necessity” and publie o opinion 
would demand | that such a highway, diene now or in the future, be located — 
with a fair degree of economy. 


Puysica, Aspect or Higuway 


In laying out a State highw ray the engineer has been too prone to jes 


what has been generally and popularly. termed the ‘ ‘line of least resistance.” 
‘For example, he has followed the - right of way of a ‘railroad or interurban, or 
if there has been 1 NO st such easy route, he has chosen to locate one along ; section 
lines or property lines without any ‘particular: regard for the terrain, which 
7 he traverses or for the suitability of such location for possible . future heav y 
‘owe 
tr affic. ‘This policy of the engineer may be partly justified by the explanation 
that a majority of the locations for - highways has not been made | by | engineers. 

Too often they have been determined at mass | meetings or conferences of 

who “were thoroughly eager and sincere their determination o of 

routings b but who fi failed to calculate, or to have the economy of either road — 

— location or construction determined by exper ‘ts. This is not: stated as criticism — 
because without such action by those interested in road ‘improvement in the | 
various | ‘States, the Nation would | be ‘much less ss advanced than it is to- day. — 
FF urthermore, the writer knows of ver very few cases in which the location or » con- 
_— struction, of any type of road or highway has x not at least paid for its invest- 
ment over the period in which it has been used. e How much greater return, - 

__ however, could have been obtained from the use of highways if, as time went © 
of traveling a much greater, distance ¢ could have | saved ; 
‘This, of ¢ course, is due to ‘the fact railroads have 
developed the population centers and the demand for highways. has been along 
the same general line. _ However, with the location of State highways parallel 
4 to the railroads, the ‘engineers have been too ready to: accept the railroad loca- 

_ This is usually true for a steam road, 
of highway are wre considerably different from those con-— 


> fronting the railroad locating engineer, and much | distance can be saved to 


highway travel in ‘country where railroads have considerable trouble making 


2: 25% grades and have to make distance for gradient. 4.) 
was once in ¢ charge of a railroad location in which the limit- 
ae. ing grade ¥ was 31. 25 per. cent. The final located d route between 1 two points 3 meas- : 


ured 14.5 miles, and more than 75 miles of preliminary lines were run and 


“much adjustment was necessary to obtain that. _ Between these same two 


oe points a State highway is now being planned, with a maximum 3% or 3. 5% ot 


are very ‘common in n the State of Texas. 
Aerial Photography. —Any discussion of location by one familiar ig 
—— the situation in Texas would be incomplete without a oven to the 
use of aerial reconnaissance the Texas Highway Department 
reat extent — d has found it very valuable. No 
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n has contributed 


oe The usefulness of an aerial ‘survey begins at the first inception of the work — 
and eo continues until” the last shovelful of) dirt is it in ‘place. It puts in 


the hands of the engineer many of the details that are to be found ‘on the mf 
ground and in addition. it gives shim a | broad view of ‘the ‘field of operation 


that has never been available in any other way. de “He may_ make locations 


em directly on aerial | mosaics; he may study minutely the locations of. drainage 
structures and other proposed improvements; he may calculate stream flow 


and plat drainage areas without the use of field operations; and throughout, 
the Progress « of his work the aerial ‘gurvey stents by as a constant check 
upon the more exact field calculations. 


es Texas State Highway ‘Department has secured some very excellent 


Th 
results by making a location on the ground after having laid it out on 1 an 

aerial map. | ‘The aerial photographer furnishes an approximate scale of each 

m nap, and in in most cases these determinations | are found to | be very accurate. — 
The aerial maps. are especially useful in crossing streams determining a 


~ 
5B 


i=} 


routes through cities and towns. Where little information is av ailable from ; 


previous surveys or maps it is always economical to have an aerial map made. | 


~ Such maps on an approximate scale of 7 700 ft. to an inch cover a strip ) of terrain 
about 6000 ft. wide for single- flight, or 9 000 to 10.000 ft. wide for double-— 


4 


maps. The cost is from $14.00 to $17. 50 per lin. mile for ie single- flight 
and approximately twice these amounts for double- flight maps. 


After the completion of | reconnaissance either | by aerial or 


by preliminary lines, the best plan is to to locate the final line ons the ground, 7 

making such shifts of tangent or curve as may better fit the terrain from the _ 

actual field measurements. Very 1 little difficulty has been experienced in lay- 

ing out locations: from aerial reconnaissance after w -alking over ‘the proposed 
line once or twice, noting any - physical conditions which. might affect the loca = 
_tion and then taking them into account. _ After the line has been laid out on 

f the ground to complete what ‘might: be ennui the locating problem, the engi- 


= neer has « only to prepare h his alignment and right- of- “way map, showing thereon = . 


, es land as may be necessary to enable field notes to, be prepared and giving aa. 
the name and abstract reference to each tract of land. - These plats | are usually a 
made on a 400-ft. scale which has been found to be the most adaptable to to the - 


— In general, with regard to the eatin ofa a State | highway, it is of prime 
importance to ‘select: the most direct line between two objectives. The line 
should be 80 located as to provide a minimum of waterways and the ‘easiest 
grades curves possible for the terrain. An important consideration is to 
select a line that will give not less than a 500-ft. sight distance between the 
eye of the driver and the top of an approaching automobile. Easy curves 


are not objectionable in “order to increase sight distance where they do not | 


materially | the Such locations be made and grades | 
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the ‘would be only a stage of improvement, the ultimate life of 
which would depend upon traffic 1 requirements of the highway. This was what 
5 ‘the speaker had in mind 3 in answering the q question by the Texas State legisla- — 
tor. i In other words, a highway properly located with a grade line of sufficient | 
flatness to 1 meet ‘the exacting demands of increased traffic, and with curves 
in easy stages, will have its ultimate life more permanently assured as years 
ge by and its condition should be better at the end of fifty years” than at the 
end of five. With these considerations i in mind the locating engineer, in con- 
his Toute between objectives, should ‘disregard “the line of least 
; resistance” unless he j is prepared to see the day come within his own, lifetime— 
or better still, within a -decade—when the route he lays” out will be greet 
to the status of a Interal or community road, or be entirely abandoned. When 
Bo such time comes, very likely it will be forgotten. ‘that the original location 
was perhaps determined by considerations purely local, ‘oa the necessity for 
Ln relocation or - abandonment, may, without ‘much fear of contradiction, 


_ explained as the correction of a mistake in engineering. _ phe Deeper 


‘The problem of locating | a highway with respect tot ‘topography, drainage, 
grade line, sight distance, and all hides ‘eliaiien'4 which must be studied in their - 
i entirety, is one that must command the expert attention of the locating engineer | 
and of the construction engineer. Nevertheless, its difficulty of solution is 
" secondary to that of the economy of location with regard to traffic, the = 


Location WITH ‘Respror TO Economy AND OF 


‘The writer in the that the voice of the 


"majority should rule. He has ‘never known it to fail, that where the people of 
“any State or Nation were. acquainted with all the facts with regard to any 
ual ‘pechlem, they did not eventually (by 1 their majority) vote to solve this problem 
in a way that the thinking people of such a community or commonwealth might 

_ determine that it should be solved. _ The people should have what they want, 


even if it costs sane was is, when they have decided with all facts before 


‘The building of State public enterprise and the's solution of 
mS - “the problems with regard to such a public enterprise should be entered into 
a s the idea that it would be inadequate if it did not meet and satisfy the 
demands saa the thinking public and if it were not in line with sound public 
Highway engineers are very often concerned with the problem | of routes | 
leading into cities and towns. This problem has been uppermost in the minds 
the people for some time public sentiment is now undergoing a rapid 
eo i“ transformation in regard to highway location i in population centers, large and 
small. In _ the State of Texas ‘much prominence has been given to certain 


isolated cases of location where the State Hi ighway Department has, for safety 


purposes, undertaken to re- “route certain highways. have b been made 
gan the officials ‘and d engineers of the ‘State Department have in mind the 

laying out of a ‘system that would ‘isolate the cities and town s. 

order to combat this erroneous the 
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; some statistics and has made some ‘ealculations. ‘The State now (1929) 
has ¢ a highway system 0; of approximately 20 000 miles as ‘measured along present — 


Toutes. When this system has been economically located or relocated 
pitas 


“mileage will be about 19000 miles and not only will all the control points be 
reached, but t this system | will reach directly, without m material loss of distance, 
1% | of all towns, the population | of which exceeds 200. Included in this 
"percentage are all towns that have a a ‘prospective main-line highway p passing 
|e through 1 their corporate limits or, in ease of no corporation, within four blocks 


oe, Through Trafi ic. .—The general argument for ‘the route of. a ‘State highway 
to ps pass through the business district of a town or along its’ most important 


is that business is brought to to the town by of the trafic on that 
x 
highway. ‘There is no doubt that certain classes of business Seal 


do profit toa certain degree by transient trade, but it would seem that a town 


- depending t to any degree on such 1 trade would lack the foundation necessary 
‘stable and continuous growth; that is, an established and a certain rural 
trade territory. The highway or road pr oblem for any community will not be b 


= until every village and town is is either prin. with a highway or with 


It: ‘seems contrary ry to economic 
judgment and good public policy to deflect the location of an important State 
highway, carrying 2 000, or perhaps 5000, vehicles “per day, 2 or 3 miles 
of the general course in order to pass through the ‘main business district 
“of a community which would perhaps not ‘originate more than 100 to 200 
_ vehicles per day. ~The problem should require and demand the. careful thought 4 
of the people of any State, and they should | consider the relative advantages 
and disadvantages. to the traveling public in districts and cities. It has been 
- the policy of the Texas Highway Department to link the various towns with 
State highways and to provide for first- class. construction along these link 
routes. Ib many “cases, it has been possible without materially lengthening 
p: the line, to serve, directly, the vast majority of towns of more ‘than 200 popu- . 
lation and a great many villages of smaller population. ever, in serving 
towns, ‘it is the purpose to provide a direct line, without right angles if pos- 7 
sible, and : along a street of sufficient width to care for traffic. ‘It is, or should © 
- be, , the purpose of the engineer in selecting a route through a town to Lond 
instead of to create congestion. A paved highy: connecting with an unim-— 


= 


Locating the Tourist. —It would: be quite a different problem 
ifa a special frontage tax or assessment. were paid by business | men dealing i in 
which there is a incidental demand from the traveling 
public. — _ Neither the stability nor the ‘growth of a community can depend 1 upon 


s trade that will come from those who would ordinarily not stop at a rll 
of business unless happened to lead by the door. ‘Tt would seem 
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that the authorities in charge of the streets in a small. town would prefer to | 
ia! 


reserve s streets f for the citizenship of community to use for parkir 
their trucks or for st stopping. x their + produce wagons. In 4 one | Texas tow n, the 
main street, which was of considerable width, had been pav ved and larg gely paid — 
for by the merchants of the street. complaint was registered with the Mayor 
that: the people v lived in the town found the street almost blocked with 
cotton w and other traders. The Mayor’s : reply was: that the ‘street was 


paved for that purpose ‘and that they should adjust their shopping periods to 


the needs of the ‘community at large, and not try to use the street at the busy 


period when n they could just as W ell select another time. This is a somewhat 
radical viewpoint, the thought is worthy of consideration another 


instance, a Sie station operator complained to one of the Tex as Highway 
‘Commissioners that the highway w as being mov ed from in front of his busines a 


to a street two blocks away. Th 1e “operator exclaimed : : “That road has been 

where it is for fifty "years, to my own knowledge,” to which the Commissioner bs 


replied : : “Do y you not think it is about time that your r neighbor had it for a a 


Lom 


of the chief arguments in complaints against the change 
45 of location for safety or other reasons within or ‘adjacent to ‘the towns is to 


say that the State is not building the road for the local people who pay the : 
taxes, but for the tourist. Considerable misinformation has been spread 1 under 


_ the name of “tourist trade and tr affic.” ' Recently, a Central Texas newspaper — 


iz contained an « editorial stating: “Do not build the road for the tourist but 
det the taxpayer benefit by having the road.” The next editorial a few days 
: after the first said : “Let the traffic pay for the road and relieve the Property 


ow ner.” Tithin a few days a slogan was published i in the same paper: “Make ie 


= our city the tourist headquarters of the South.” These 


Te Webster’s dicti onary defines a tourist as “ ‘one who travel from 


place for pleasure or culture” A citizen of | Texas, for example, might leave 


his home on the morning of a certain day and travel as a tourist along a State 
,y highway through many cities and towns ; and then, overnight, his status might — 


_ be changed so that on his return home he would belong to whatever classifica 
tion might be given him, depending on his rights a: as. a traveler or or the contri 
butions he might make for the construction and maintenance of State highway 


Such a traveler in Texas might, and very likely vould, pay ad valorem tax 
ae to build State highways or lateral roads in his home county. He w ould also, 32 


or rather should, pay an ad valorem tax on his automobile. He will ‘pay a 

“i license fee ‘distributed between the State and County for the maintenance ae 

State highways and, finally, a ‘gasoline tax. hen | such traveler leaves his 

home county for pleasure or culture and travels across his own State. or any 
a other, should he have no consideration given him in that his journey might be 
ae as safe as possible and as direct? Consider, also, for example, a trav reler_ 

from | ‘some other State who might enter the State of Texas and travel in| 
‘Pleasure « or culture. In a material way shin visitor is required to pay a gasoline 

tax and, if for ‘no other reason, he is entitled to consideration, State high- 


ways should be bought ioe anh for - the traffic using them and | any local 
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funds used in construction should be re refunded. a onseque mtly the mi aximum 
consideration: should be given the traveler. in making locations. He 
have the. option of proceeding on his journey along the most, practical ro route, 
and if he desires to visit the he business districts of any of the towns along. the 
highway a way should be provided for him in case the route does 1 not lead _ 
directly through. No particular distinction except for statistical 


nape be made in classification of he motorist is not a class and 


“Nation 8 tax-payers in all lines u use se the Nation’s 
cr he Influence of Financing on Location— -The day of the ad valorem tax 

for highway construction is passing. In 1929 T exas ‘Highway Department 
"recommended to the State Legislature. that | provision be made for adjustment — 
between the various counties and _ reimbursement of expenditures for State 


- highways, and this i issue failed of submission by a very small margin. There — 
> no name that State highways should be built from sources of revenue other 
- than property taxes, and this principle | has already been put in effect by a 


number of progressive States. A study the accomplishments of such States 


4 siderable bearing yon the location, but even with a portion of the construction 
cost being paid from an ad valorem tax in a road district or in a county, no : 
property owner should claim any special rights” to ‘the traffic, slong a certain: 


program. ‘The method of financing State highva ays ys should and does have con 


structed along street in a into a as far as the 
laws will | permit, that s such highway or road should be « continued and main- 


belonging to the general public, construct such additional highways or by- passe 


The writer agrees with a recent editorial entitled | “Getting A Away > with 


tained by some agency; but the ow ners of business houses along, such a route 
-Antiquated Ideas.”* The author deplored the conservatism of many highway 
q executives: in clinging to conceptions of road building that were in vogue 
during the age of horse- -drawn vehicles. To salvage the old roads ‘is often not 


no right to say that the general» traveling public cannot, with finances 
4 worth while because it is co adi in terms of human life, &, 


State highways should be located for present and anticipated 


iB, equirements 80 | » that—whether he be tourist baat there i is ‘such a classification), a 
or farmer—the user of 


se, , directness, , safety, and pila Any plan o or apeaiosg of location ong 


does take into account i is running to sound public 
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adoption of a plan whereby the revenue for State highways | comes from State 


3 niences aie traffic originating locally or bound for local destinations. With the | 


_ sources, the solution of this problem becomes. easier and the “dog will be in 


to wag the tail” instead of the contrary, which has been oe case in m v 


Highway engineers | should take every opportunity to the mabe | 


for inspection the entries ¢ on. the debit and ‘credit side 


operation of @ a State highway. _They should always have : an eye for the future 


construction is obtained, ‘the plan ‘should be 80 broad a: as to anticipate 
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sin ud AMERIOAN SOCIETY OF CIVIL ENGINEERS 


‘This » is ‘not for any statement mote 


By A. R. Loss Assoc. M. Am. Soo. C. E. 

Gis’ The purpose of this paper is to present some 


highwe ay location. There are administrative as well as physical limitations 


which determine in a large measure the work of the engineer on location. 
It is fundamental that the ultimate purpose of the road be kept in ‘View and 


the location made to to > accomplish that end. Highway location does not include 


‘merely lines, grade, ‘and construction costs, but traffic as related to towns and ~ 
cities, other highways, and the general — of the public. Too much Joca-— 
tion “for Present needs” 


way as well. Insufficient sight: of way protection o of the highway is 
‘serious handicap to ite future usefulness. Torah; 


ey It j is recognized that the detail problems of location depend on the peculiar — i i = 
conditions of the individual project. —«dt is equally true that there are general — 
problems on roads of the same class, but these 1 may be decidedly different for ie 


roads dissimilar i in their uses. _ Thus, different governing conditions apply in 3 i 

the location of roads for sectional and interstate traffic than for local roads ‘eg 4 7 
serving small agricultural communities. Roads located primarily for parkways, fe at &| 


pleasure drives, and for recreational purposes where scenic considerations are r 
of major ‘importance, will naturally impose conditions differing from those of ter 
the other classes. There is, however, one fundamental principle which should — 


be the controlling feature in any road location. Briefly, this is that the 
Tesulting location should be adequate for present and ‘prospective future needs — o 


of the highway. Present needs are ‘readily determined; future needs require 


xercise of judgment and foresight. 


_ * Presented at the Joint Meeting of the ee and Construction Divisions, Dallas, Tex, 
il 25, 1929. Written discussion on this paper will be closed in meet irae sour 


‘State. Highway Dept. Oklahoma City, Okla. 
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HIGHWAY LOCATION : PR, ACTIC AL ‘CONSIDER ATI 
= The reconstruction and improvement of roadway surfaces and | structures 


ean be r readily justified from prolonged usage or for needed increased facilities — 
ry 


in the same way that the rebuilding and remodeling of homes, office buildings, j 
mills, and other structures, but the relocation of Fa large portion or all of the 
‘road does not present a similar case. - This change of location involves a sub- f 
stantial loss of the right | of way, roadbed, and structures, as well as the expense 
their reproduction on the new line. is difficult to find suitable explana- 


tion or justification for the building, by the present generation, of many of its 


main highways three times and on three different locations. siete 
/ «Iti is not to be ‘understood that the mistakes in location i in the pa: past rest solely *? 
the highway engineer ; is not the case. Many of the earlier im- 


proved roads w ere not located; they merely followed land lines or existing 


rights of way of older roads. The « engineer was given little or no ) opportunity — 

_ to develop a suitable location. _ Road funds were provided by local governmental — 

= units and the roads were . placed so as to be acceptable to the g governing eek. 
or commissions. Most of the present lines of travel el were originally only local - A 


roads, and ‘the subsequent traffic development was not anticipated. This « 


dition no. longer exists” except for the local roads. The main highways are 
‘financed by the road user at large, , by the State, and by the ‘Federal Govern- 

a ‘ment. The engineer should approach the location problem with the i 
uses | of the road in mind and should endeavor to provide a location which will 


be suitable for this purpose. This will include—in addition to alignment, 


grades, stream crossings, and similar engineering g work—provision for future 
development of the highway and its protection from 1 encroachment by i industries — 


and other utilities. Briefly, the mere located line without adequate right of 


way and roadside protection will not be sufficient. 


2 al will be the writer’s purpose to discuss. the major problems of locating — 
and Federal Aid highways. The engineer has received very little 
assistance on highway location engineering textbooks. ~The subject is 

- discussed only briefly if at all, and then usually on the assumption ‘that at the 
existing road will be followed with only minor changes in alignment. — ‘The — 
- location of highways purely as ‘transportation lines is not the usual practice. ‘7 


: This is not a 1 condition readily ; attainable, , nor is it strictly desirable on public 


highways. The service of the project: in the plan as a whole is 
“consideration which should be followed. tho: ai val ib 
_Desienine ror Present “OR ConpIitTIons > 
There are still some who would consider present highway building as_ 


"i primar ily of local importance and for the immediate local ‘needs, it. being pro- = 


ey posed at some ‘future time to build. a system of through highways | on 3 


direct lines. a line of reasoning been applied sto a col 


o 
extent in in the past with the following results; ad doitasol 


pl ~The location o 
affected by purely local considerations, = = | 


ji 
(b)_-Frequently, local and through ‘traffic we ‘re combined where 


CTR When reconstruction for the through traffic is undertaken it is 
“exceedingly difficult to make adequate relocation. 


f important through highways has asian materially 
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. pete expensive than if made under the original construction , due to 
property values and damages to improvements. 

He! - (f) The value of the old road in terms of right of way, er 

on, surfacing, and structures, is a loss unless the road can be used advan- 

- tageously for local purposes. Even then, it must be considered that 1 

mile of main highway costs as much several miles of serviceable 

i gir a local roads and there is a loss in changing a main road to a local one. Be ie: 

ed i (9) The roadbed structure consolidated and compacted by years of | OE 


ia It is this line of reasoning which would r make the work of the engineer ake 

follow the development of the country r ather than to lead and aid materially 
in that development. is line of Jeast of ‘temporary expe 
ards 
oval ay should be to provide a location | Which will re remain as a major line of highway ic 
transportation: which is so planned as to meet the ‘requirements of the 


future. location of this character the ‘ “permanent road feature” 


ern- 

ture 

will 


ent, — 
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of which it isa a part. Thus, the termini of the project are predetermined and 
intermediate location. may or may not be 


the following classifications: 


ting 


Commissions under legislative authority. = 
§8—Control points for State highways fixed by legislation. 


 - 4.County or road district bond issues used for a oc ig the con 
struction cost may ‘require a definite location to be followed. 


-Under Conditions 1 and 2 


further | engineering investigations. Condition 3 may or may be base 


on engineering investigation, or it may "permit some from the estab 


4 


tributed, the detailed location is ‘to serve local pur 

writer has known of cases in which the increased cost of these pine placed 
# by local influences was greater than the local funds provided. For example, 
Tefferson funds were provided to aid in the 


oficial. This location ‘involved three m more railroad intersections, ‘one addi- 
tional bridge, and— some increase in distance over a location | selected by tk 


— Stat _— ay Com: sion a Unit d State B reau of Public Roads. 


(dy When the indirect line is used a number of years subsequent 
fures ment results in increased property values which may be seriously 
development results in increased propert; 
Ings, 
ense- 
ana- 
f its 
olely 
a 
ols OF Testrictions 
On all highway projects ere are administrative con 
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feral Aid System determined by 
he State Highway Departments and 
__the Secretary of Agriculture and the State Hig a 
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HIGHWAY LOCATION: PRACTICAL CO CONSIDERATIONS  [Papers. 
_ This system of —o- has been responsible for most of the unsatisfactory 


locations in the Southwe est during the fifteen years since 1914. - Where it is 4 
necessary to continue this system of financing in fairness to all ‘parties -con- 
a cerned, the location | should be determined in advance of the local arrange- 


7 


“ished; under Condition 4 this tendency o ‘often reaches the point of affecting 
detail of location. Regardless of how the conditions are imposed they 


= in effect restrict the work of the locating engineer to mere details of 
design. Administratively, controls necessary and should be 
and limited to the following conditions: to 
tata 2 (a) A town or city on or near the general line of the route between — 


adjacent control points of the route. 

A town or city of sufficient importance be a terminal point 

for the traffic passing the adjacent controls. = 
ta ads (c) A junction point, preferably near a town or city, of several high- — 


Topographical features based on engineering investigations. 


— Within the limitations established as controls the engineer should determine, ; 
~ af as far as practicable, upon ¢ an economic location, considering at at their relative an 


weights both through and local “traffic. This lection will be the line which 


_. will provide the long-run least cost, including construction, maintenance, ,and = 
traffic > operations. — ‘The shortest line will ] usually be the economic location for | 
the: reason that practically. all items of cost except earthwork and structures _ 
vary directly with the length of the line. In a | a country of broken topography 


the cost of earthw structures” be much on the longer line, 


but the other items of construction, and of maintenance and operation, will 


usually determine the location. Local traffic can “generally be served more — 


. _ cheaply by lateral spurs from the main line than by attempting to give direct 


One of the usual problems. before the engineer is to whether or 

Ss = to swing the main line from its ‘direct course in order to give highway 


cons 


gervice to an intermediate point, ‘such as a small town or ‘community. -Theoreti- 
— eally, the problem can be solved by estimating the cost. of construction, main- 


tenance, operation for each of the two possible layouts; that is, the cost 


ee ni of the main line direct with a lateral spur a1 and cost of the main Sec ae indirect 


problem is that of two or three highways fon some 


Studies of State highways show a substantial volume of traffic outside the Pa 


Se "purely local class. Thus, the California studies of 1922 show 1 the average length 
of truck hauling to be 31 miles and that of passenger | buses, 41 miles. , che ; 
Pennsylvania studies show that 43. 8% 0 of the State highway vo travels 50 


“miles or r more, and for the Ohio study this figure is 80. 3) } pe cent. 
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are not available for the State highways it 
4 believed that there is a . larger percentage « of long-distance m« movement. bard? Sa a 
we Traffic of this character is benefited more by the possible economic opera- 
tion over the whole line than by the detail location through ‘small 4 
with which they may have little or no- contact. This provides the basis for 


the of local and traffic separately. It i is 


y 


antage of conditions, available local material, or 


facilities for importing materials. Approximately 4000 tons" of materials are 


required per mile of 18- ft. concrete ‘pavement. An increased dead haul of 
se mile will increase the cost of the road about $1 000 per mile. Ih addition, a i 
bs - there will also be the cost of moving construction equipment on el off the job 


re 


= 9s well as the cost of hauling s structural materials. The use of long radius 
curves 1 reduces the total length of line and the amount of surface widening. 

change i in direction of 90", a curve of ft radius gives 
ft. shorter than a 500- 


é ‘Topographical conditions affect the details of 


fe such as shifting blow sands and rock classifications, are to be avoided 
¥ ‘if practicable. us Overflow sections require high embankments with costly struc- 
tures, and, for this reason, valley locations are frequently undesirable. ‘Stream 
crossings must be selected with the view of reasonable permanency of the banks, 
dealin foundations, and required span length, and they must be within the 
general location. Grades and curves adjacent to bridges should be reduced 
to the minimum. It is desirable to have a tangent of at least 150 ft. and a light — a: 
or flat grade at each end of a major ‘structure. These conditions permit = 
driver to adjust his machine into the bridge alignment. _ In the past, grades ; 
probably received | more consideration than other features. Considering 
the m motor * vehicles now in use some sacrifice of grade can be made to iniprove 
alignment. Short grades as steep as 8% can be climbed readily by modern 
motor vehicles, but continuous grades of than 6% are objectionable. 
a Tangent profile grades are not particularly advantageous, due to the headlight <— 
glare, and do not justify increased expense. rolling profile fitting the 
topography i is less objectionable for night pate be 


Grade separations at railroad are desirable, but not always 


possible. financially. grade crossings are adopted the line should be 


ra located so that future separation can be ‘developed, and in all cases ‘approach — 
curves and grades should not restrict sight distance. 


Restricted areas: 2 and n ‘near cities are frequently obstructions t to direct 
hiel 


“stances, are major controlling factors. All soils which are unsuitable for sub- 


would ; require about 938 sq. sdditionsl pavement. 
hte 
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the sorting or segregation of traffic for different locations. 
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railroad yards, and air ports. Generally, it is to 
through ‘these areas and the location must be carried around them. The 
= should give access to railroads and air ports, but should be ‘sufficiently 5 
removed to permit full operation of of all facilities without congestion. A loca- a 
2 directly adjacent to the railroad n may be congested by 1 trucks loading and 
unloading at the station and also by industrial spur tracks being constructed 
across the highway. a Location along the railroad is usually adopted because ; 
good alignment is obtainable in this way and because the right of way i is snot 
3 difficult to secure. It has the additional disadvantage of permitting develop- 
ome ment on nm only one : side of the highway v whereas if removed 3 mile or "more from s 
4 the railroad, property on both sides of highway would develop. 
into, through, and around towns and cities. Iti is. necessary to provide 
connections ‘into the ‘street system of ‘the city. It is highly desirable 
also t to have : a 1 direct through connection, even if it may be congested by city 


irough traffic making a temporary in the 
= = pip belt line, or by-pass location, is equally desirable | for the through | 
; traffic ‘to , avoid the « city congestion in reaching its destination and to permit 


The desirable condition for the urban ‘approach would be "connections 


which would ‘permit the distribution of traffic to: 


To other highways by direct connections, outside th the city proper. 


“Many town and city officials believe that the highway should be considered 
: 


as a continuation of “Main Street” ‘out into the country and that it should 

_ be carried through the principal | thoroughfares of the > city. This is especially 
of cities s of less than 10 000 population and the municipality 
_ the more insistent it is as a rule that the highway pass through the - main 
- streets. . The larger cities have their local traffic problems and as a rule are 
ae to secure a any ‘relief. possible by routing through traffic over pred 
streets: or through the ‘suburbs. In a great many cities, however, highways 
are taken directly through retail sections where the streets are ° congested with | 
electric street cars, motor vehicles, and "pedestrians. . There are numerous 


J intersections, » sharp rade ‘crossings congestion due to 


many towns and cities are e placing restrictions on through ‘traffic 
on of speed ordinances, stop signs, signals, and other regulations. . These measures © 
in most oases are | necessary for the local traffic, but the through traffic can 


“better operate without them a nd 01 utside the city. Table 1 gives information on 
4 The ‘development of proper approaches to -cities with arterial | for 


‘2 traffic to and from the city and belt lines for traffic distribution requires the 


str the 
co-operation of State, county, and municipal ax ‘authorities. It also requires 
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careful traffic study and analysis, , upon which to base present ‘and future 
4 plans fc for improvements. mM The Plan of Highway Improvement i in the Cleveland — 


Regional Area is an outstanding example of this character of work. As - 


result of this’ survey, the City of Cleveland and its ‘contiguous territory” have 
ae developed: a plan of major road and street improvements for ten years ahead c 


a and 1 may proceed with individual projects, knowing their final position in the 
of 


TABLE 1. —Darta on Stare Highways in 


ben i O% Ramways Te 


city apd highway. in city. Control} milesper 


Total signs, Total hour. 


w | | 2 


12 and 


38 


6. 

reell, Okla.: 


15 to 35 ae 
15 to 35 


‘ 
is 6 


4 ‘ 


4 


ill 15 and 20 


Other routes give less but more traffic congestion. tt 


Sacer should anticipate this with p provisions in his location to meet re 


conditions. Greater sight distance on horizontal a: and vertical curves is h bene- 


ficial ; 600 ft. is x not excessive ‘I, _ Where this cannot be obtained extra width 


cf surfacing is desirable. In the level and rolling country of the Southwest, i 
Saeed are providing horizontal curves of 4° and less. This makes extra 


width uv unnecessary, very little superelevation i is required, and line length is 


The older practice of placing changes in alignment at the top of 
hills has been discontinued. It is considered a hazard to traffic. Other con; 


ditions being equal, should be plac ed where ‘they may be seen 
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To a great extent have allowed vight-of: -way cons derations to 


influence location. | - This is especially true in regions where the section- line 


road system prevails. It i is seldom that on rural highways more than 80 ft. 
of width is secured, which amounts to approximately 93 acres per mile. -Con- 


justified of 000° per acre for proportional r reduction 


> 
4 


in length of 


A Texas statute permits the Be. to 100 ft. = 


a State highway, which ordinarily is ample. , Ckishome may obtain an ease- 
ment for any width “for highway purposes.” ss ‘There is nothing, however, to 
_ ‘prevent the abutting property owners: from building garages, service stations, 


‘and other roadside establishments on the property line, and utilizing a part 
of the highway for the transaction of their r business. 


opment under supervision of highway. authorities, the engineer should 
use such means as are available to protect and preserve the highway — for its 


To this end the writer offers five suggestions: <4 ¥ 

Acquire sufficient right of way for future development of. the 
(2) Obtain extra widths at all road intersections ‘eal other strategic 4 


points where it is likely that roadside enterprises would be established. ‘ 


oo right of way the narrow strips, gores, and other small ‘eanedle of 
land cut off from the original tract. These parcels may be utilized for 
—- purposes in the future or for roadside planting and beautifi- ’ 


with long-term leases, several hundred feet spats width on each side of ; 
the of way. PALS 


which cannot 
ould not are for public usage and must be located, 


= maintained with that. end in View. _ Whether 


or for pleasure the public travels to definite points of interest and attractio 


must have access to these ‘institutions highways. 
express . deliveries, transportation 2 of farm products, and rural community life, 


Ww hile usually served directly b by local roads, are affected b by their comnection 
ain high are patriotic hrin in every section of 


4 
- 
— 
mp 
> Baa should be encouraged and their aid secured to obtain the desired ends. wy) 
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country which should be made accessible from the highways. a National and 
“State parks and forest preserves are are visited annually by thousands of citizens 
4 and, with improvements | in the roads, © these properties will be 1 used by many 
2 Every governmental unit | should be connected finally with: the country at_ 
E large. The writer has always believed that the larger unit of government has a 
this obligation to its constituent parts : The Federal to the State, the srl - 
the county, and the county to its towns and communities. 
These considerations of schools, churches, Courts, other conditions 
vitally affecting the citizenship of of heey: cannot be w terms of 
economics or | 


clause of the fundamental law. 
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PAPERS AND DISCUSSIONS 
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Soc ciety is is ‘not: _responsible for any statement or ¢ opinion 


RELOCA SURVEYS IN TEX 


uk, ‘This paper describes the problems encountered by engineers in Texas who 


are engaged i in relocating old survey lines. The conflicting influence of Spain 
and ‘England on the land laws are ‘discussed , and the modern equivalents of 


‘old and obsolete units of measurement are given. | The» paper ‘includes also an 


interesting anecdote concerning the “monumenting of the 100th meridian. 
principal emphasis, however, . is s directed toward ‘outlining some 1 prac- 
- tical rules to govern the engineer on relocation sur surveys. — Of what use to i 


surveyor ii is the evidence pertaining to annual rings of old trees? How is i ‘it 
walt 
~ possible to obtain direct evidence of the location of a timber line t How was 


cleared? The answers to these other important questions are 


_ It is a well fixed principle of law that i in relocating surveys it is the duty 


of the e surveyor » to follow the boundary lines as laid c on the ground in the 
survey. “Move not the ancient land marks” is an old legal ‘maxim 


iG given by Moses i in Deuteronomy. Land boundary litigation has burdened the 7 


-s 


Civil Court dockets since the beginning | of private ownership of the soil, and 
wars between kings, princes, bar rons, lords have been fought over 


disputed boundaries. alia aid 16 Lot al yh? 

a __ Indefiniteness in description | and imaccuracy -in laying down ‘the original 


boundaries cause most of litigation. As an example the following is 


from the archives of the Texas General Land Office: 


zz “In the s same Town « on the same » day, month, and ye year that ‘precedes, ‘Don 
Suan de la Garza and Don Pedro de Salvana, ‘the Surveyors, the former on — 
the part of His Majesty and the latter on that of the Town, came into our 

_ presence and said: That in conformity with the Act made known to them or id 


M os * Presented at the meeting of the Surveying and Mapping Division, Dallas, —Tex., - April 
, 1929. Written discussion of this paper will be closed in the March, 1931, Procecd ings. 
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RELOCATING LAND SURVEYS IN TEXAS 


third, they to. mark out the ‘boundaries assigned to the Town 


by the Sieasiadienies present, they stretched the same one hundred times 
(beginning at the center of the Town) which make five thousand Mexican 
-varas or one complete league, with which they arrived at the point known as_ ? 
La Cantera, which they marked out; with as many more they reached a vale 
= woods which are*transitable and which is named the stopping place called 
Senor San Jose; with as many more to the gully at the foot of the hills of - 7 
Tae Quatitos and they dedicated it to our Senor of San Juan; with as many 
more to the stopping place called Agua-pas and dedicated it to our Lady of 4 
La Sotemano; with as many more to a hollow in front of Abra del Quemado _ 
which they dedicated to our Lady of Dolores ; with as many more to the 


are the six leagues which in accordance with the order to 
them they have surveyed and marked out, each league for itself on said course. — 
And from said plain they returned to the Town and directing themselves to 
the North from its center they stretched the cord one hundred times and — 
arrived at the Palitos Blancos and dedicated it to our Lady of Santa Ana; 
and with another hundred cords commencing on the other bank of the Rio 
a Grande del Norte (for the reason that but a few varas rémained between the — 
said league and the river) they arrived at a hill which they dedicated to San - 
J oachin and marked out the second league; with as many more to an opening 
in the hills (Abra) called El Yachupin which they dedicated to San Francisco ‘: 
de Borja; with as many more ‘to the end of the said opening in the hills to 
: Bie | - the place called San Lorenzo; with as many more to the opening in the hills 
ee _ of San Yidepfonso which they dedicated to Santa Theresa de Jesus; and with 
as many more to a hill which is on one side of the stopping place called San 
_Yidepfonso which they dedicated to La Santissima Trinidad, which six leagues 
they surveyed and marked out in the same manner as those above specified, 
always following the said course North. And this is what they did in com- — 
Meo -pliance with their duties, and without having any thing to add, they signed 7 
us and those of our assistance.=Palacio.=Lizos Ossino.=Juan Jph de la 
Garza Faicon. = Pedro de Salvana. =of Assistance, Duran.= _ 


Such “deficiencies a as s these are causes: of the greatest difficulties to the 


s 
af 


of connected straight having given lengths and bearings, and 
designated natural or artificial objects, marks, and monuments ; or they fol- - 
low the meanderings of streams or divides of water-sheds. The marks 


re streams, mounds, hills, rocks, trees, ete. _ The artificial marks are crosses, 
pees, hacks, drill holes, stakes, letters, figures, mounds, pits, a ‘ile of buffalo a 
yones, a cow’s head, or other conventional signs and characters on standing 7 
timber, rocks, ledges, or on the ground. In order to retrace the lines of a ¥ 
—— it is geriintecet to have the description of the original boundaries made x 
by the surveyor who laid them down. This description, called the field a 
is usually : found i in the archives of the General Land Office or in the records 
‘a deeds in the | county - where the property is situated. Iti is also necessary to 


know the laws, tules, regulations, and conditions under which the survey was aa 
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| the French on the basis of La ‘Salle’s explorations i in 1684. Therefore, the 

land laws of this State have been influenced by the Spanish and French laws, 

which have a common origin in the Roman Civil Law. After 


Revolution of 1836 the p principles o of the English Common ‘Law took prece- 
dence over the Spanish and French influences, but the land titles granted by _ 


Spain an and Mexico were recognized and ratified by the Republic and the State — 
ik Texas. Prior to the Texas Revolution, title to about 35000000 acres had — a 
been granted.* — Texas was attached to and administered as part of the Mexi- __ 
en States of Coahuila and Tamaulipas from 1821 to 1836, when it amends 
_ independent ‘republic. | In 1845, it was admitted into the American Union of _ 
States. Bya provision of the act of admission, Texas retained title to all her +a 
public vacant land, and the State has administered these lands chiefly | for the 
benefit of railroad development a and the endowment of a public educational — 
system, The United States has never owned or administered the | public lands 
of the State and, therefore, the Federal system of land surveys has never been 
Arabs and Moors who helped to develop the Spanish 
_ having established ae in the arid and ser semi- -arid territories of Arabia, 
Northern Africa, and the Iberian Peninsula, impressed upon the Spanish 
law rules for laying out surveys of land, giving each tract or grant a front 
Spaniards followed 


_ The streams of the State of Texas all have a a general southeasterly course > 
teniolilte all Spanish and ] Mexican surveys 1 make an angle with the meridian 
and seldom does the width n northwest and southeast exceed one-half the length — 

. “northeast a and southwest; . and the statutes now provide that i in laying surveys 
along : a stream they shall have a stream front of not more than one-half the bs 


“square. Stephen F. Austin , impresario of | one of the earliest colonies, in a 7 gy 
letter of instruction to. Elias Wightman, a surveyor, directs that s surveys shall _ i 


: _ be laid along the streams, giving each a water front, and if any Jand could — ‘ 


pe The Spanish ond Mexican laws prescribed the units of land measurement 
and the methods of laying out surveys and of marking the lines and corners. 
linear unit is the “vara’ (in the Austin collection ‘of documents 
a quently called “bar”), which is vanel to 334 in. and i is defined as 3 “geometr 
eal” ft.+ or “pie”, The term, “pie”, i is a Spanish unit of length , corresponding 
roughly to 1 ft. ‘In Castile it compares with the Old Roman foot, as 923 is 
to 1000. The vara had different values at different dates a and in different a 
* Wooten’s, “History of Texas.” & 


not be covered, but should be left vacant, it would be on the prairies where the 


rised tions of Coronado, De Soto, and others—was claimed by Spain until the suc- > 
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LAND SURVEYS IN (TEXAS: 
countries. For example, in Peru, it ‘equals. 33 in.; in Spain, 33.384 in; in 
092 in. ; and in | Portugal, 43.7007 in.* When the Americans 


began | to make | surveys in Texas, each surveyor had his « own ‘idea of the length — | 
the F. Austint the length a: as 334 English in. 


zm 


~ 


Locke§ as as 10 i in. “The 1 units of a area are the square “pie” square vara, Jabor”, 
and ‘ “league” or “sitio”. An English 2 acre is equivalent to +5 645. 376 sq. vari varas, 
A labor contains 1 000 000 sq. 
_ The league is 5 000 varas square and contains 25 labors, or 4 428 acres, | Many 
of the Spanish ‘surveys contains a league and labor, or 26 labors, which is - 
equal to 4 605 acres. _ Five leagues or sitios is a hacienda. | In the theory of 
the Spanish laws and customs the labor is a farm, or an area upon which to 
labor and to produce ¢ -erops. . In contradistinction to the labor, a league i is 
land upon which to conduct ranching and stock-raising operations. sere 
‘It is also interesting to. note a peculiar custom of ancient origin practiced 
in Latin countries in connection with granting and delivering land. _ The 
patent contains a certificate over the signature of the administrative officer 
that uy upon: a certain date he took the grantee by the hand and led him around | 
the land and pointed it out, and the grantee went upon the land | and ed 
herbs and threw stones and proclaimed i in a loud voice that he was ‘the owner | 
of the said land. _ However, a similar custom was practiced by many ancient 


artificial marks as monuments and witnesses to the boundaries i in the specifica: 


tions for laying out surveys, and i ins numerous opinions, the State Courts have 7 
uniformly held that natural objects, other elements of the proof of ‘the loca- 
tions of the survey being equally certain, shall be given superior importance. 
In relocating surveys the Courts: consider four elements in the 
‘descending order | of importance: Natural objects, such as rivers, creeks, moun-- 
= tains, etc.; artificial objects, such as marks on trees, marked lines, stakes, etc.; _ 
course and distance; and quantity. These rules are founded on reason, | experi- 7 
ence, and observation, and the surveyor must approach the problem of reloca- 
a tion with them 1 well in mind, because he : may be, and frequently is, required J 


defend the accuracy of his work the While the surveyor 


one 


a: 


unable to. harmonize the dcomiptton: of the boundaries with 
= 


facts he finds on the ground. Setar > ot 

Two cases will illustrate the point. surveyor returned field notes to the 
| General Land Office for 116 sections of land along the right bank of the 

| os, Canadian River. His certificates state that the work was done on the Sees. 


ae that the boundaries - were ‘marked by natural and “artificial objects, and that 


_} “Lamar Papers,” Edited by Harriet Smither, V, p. 129. 
Century Dictionary, under “Geometrical Foot.” 
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he began at a definite pc point, and progressed toward west g giving 
river front of 4 mile. Each succeeding survey begins at the northwest 


corner ¢ of the preceding survey 01 on the bank Canadian River. In 


lie on left bank if to the northwest corner of the 
During 1g a lawsuit involving the location of some of the ‘surveys in’ this 
_ series the surveyor testified that the only field work done was the taking of the 
os few bearings on the course of the 3 river, while. an assistant kept watch at the 
top of the cliff to give warning of Indians. After taking these bearings on 
Course « of the river and assuming that it continued indefinitely « on the same 
course, he into the safety of his ‘office’ and wrote out the field notes. 
asked why he not make the surveys on the ground as certified, h he 


said, “It would have taken a ¢ a ‘company ¢ - of of United | States soldiers to have kept 
bo Indians off of me while . making these survey s, and the land was not worth | 


"Sal In Fig. : 1 1 the s solid lines show the location as called for in the field notes _ 7 


the > dotted lines show river with the they would 
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1.—SmcTron oF THE CANADIAN RIVER IN THE TEXAS PANHANDLE, 

SHOWING OF INACCURACY IN OLD SURVEYS. cy 


In 1886 or 1887, a district or county surveyor, ind order to locate tracts of 


- school land i in the ‘Panhandle, ‘sold by the State, ran a connecting line from 


_ monument on the 100th meridian ‘went (at right angles to that meridian at 

. a the > initial point) fi for 50 or 60 miles to the school surveys, and located the 
tracts in that manner. Tt is plain that he did not cross the next: meridian 
at right angles, an 


These ¢ corners conflicted with the pee alternate sections pr located 
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shad the surveyor enjoined by Court proceedings. The result was that | 
Gunter et al., Southwestern Reporter, Vol. 20, p. 72,0 


4 RELOCATING LAND SURVEYS TEXAS 


the State a resurvey ( of all the railroad and alternate s school sections in 1s in that 

It is interesting to note that the position of the initial monument on the 
10 00th meridian, located by J ones and Brown i in 1859, _ by observations of lunar 

culminations, when checked in 1892 by Messrs. H. S. and H. OC. Pritchett. 
7. Taylor, M. Am. Soc. | C. E., for AL Culberson, Attorney Ge General of 
‘Texas, to secure re evidence in ‘the trial of a suit brought by the United States 

against Texas to recover the territory in Greer County, was found to be 
—- 3797.8 ft. west of the 100th meridian. In 1929 a new monument was wt: in 
correct geodetic po position by Mr. Ss. Gannett under the directions of a 


| 


| United States Supreme Court ‘decision, and the true 100th meridian was run i 
in ~ monumented. * This adds a strip of territory about 134 miles long, about oy 
: 880 0 it. wide at its north end and 4040 ft. wide at its south end, to the eastern | ig 
edge of the Texas Panhandle, over which Oklahoma had ‘theretofore exercised 
sovereignty. ~The Legislatures of the two States are now (1929) adjusting 

making investigations of natural ‘objects called for in a description of a 
boundary, the ‘surveyor ii is confronted with problems in physiography, geology, 7 | 


ecology. Stream channels change | location by erosion, avulsion, 


~ accretion. . The Courts have laid down rules of law governing titles to lands — 
__ affected by such ch changes, but the ‘surveyor is not concerned with titles. ‘It is 
hie duty to lay” down the lines ‘on the identical location of the original 
boundaries. Hei must locate and identify ancient st stream channels and ter-_ 


= 


. lateral facts. The writer has found river channels a mile from their locations 
‘The beds of all navigable streams in the State belong to the public. 7 &. 
"statute of 1837 defines a 


races and determine their : ages by strata formations, timber growth, and col- 


are several hundred feet the banks of the 

freshet flows makes them navigable under this statutory definition. It appears - 
- that surveyors understood the definition of a navigable stream to mean a 30-ft. 
= of water and gave no importance to the width between the out banks of | 
the flush flow. These flashy ‘streams are located in the arid or semi-arid 
regions, which at the time the : surveys were ‘made, were sparsely settled. 
se was done under great difficulty of ti transportation and accessibility | of 
supplies, and with great ‘dangers from savage marauding Indians. It was, 
done in the warm, dry season, and the | surveyors in many instances 


found these streams dry. They located the surveys across the streams in 


Rept. of | Samuel S. Gannett, Boundary Commr., Washington, D. c. 
by 5302, Texas Rev. Civ. Statutes, 1925. 
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= - laying out surveys prohibit crossing navigable streams. The effect is to Pe 
s - Jeave such streams beds in the public domain. Many streams in Texas are dry » 
‘ 
— 
4 


violation of the if it is assumed that the Congress the Republic 


“mean r to the 


ie the south cut bank of the Red River as located under the treaty of 1819 and as 7 

subsequently changed by erosion and accretion. The surveyor is frequently 

- called upon to locate the public lands i in the stream beds of the State, and the | oie 


work requires highly technical and ‘skill. It is dh to locate 


m 


y A fair knowledge of botany, plant anatomy and physiology, and ecology is. 
: required. Many efficient, capable, and skillful ‘surveyors have no definite or 
ae organized knowledge of these sciences and probably have never heard or seen 


te the names of some of them; they are students i in them nevertheless. 7 jee 
a native wit and common 8 sense, that: is, , Sense about | common things, - supplies a ¥ 


ASTER 


great deficiency in knowledge of organized science. ‘There is probably no 


technical branch of work that requires 1 ‘more common sense and self- reliance 

surveying. Species, genera, , habits, and methods of growth of trees 
be known. and ages of marks } must be determined i in many cases by inspection. ve _ 


for exam mple, t the importance of knowledge concerning cama 
yings trees. The. exogensz, as the name of this “great division of plants 


indicates, enlarge outwardly, each y ear’s growth showing in cross-section | as. a 
a aring. The cambium layer, which i is next unc under the bark, ‘is the only growing — 


part Since the inner wood does not ¢ change by growth, a a mark rk put on it 


a scar will on the bark for many years. Neither the | 


— nor the he age of ‘the mark can always be determined by the scar on the 


bark, and it may be necessary to cut away the: wood ‘and count the 


tings back to that on which the mark was made. ~ Marks sixty- five or seventy 
ahem ‘years old have been positively | identified in this \ way. - Often it is difficult to 
eters — i determine definitely the presence of a mark on a tree; the lateral enlargement _ 
f the “y of the trunk distorts it, and on an exposed side it may be more or less 

obliterated by the bark; therefore, it may happen, and fre- 


~ 


30-ft. - .; quently does, that two competent a and credible witnesses 8 will disagree as to the pb of ‘a 


trees called for, and they will include  deseriptions of timber 
ty of 


“was of a age, the : surveyor must not a assume that all large trees are re Very old 


ances 3 e: that all small trees are very young and, therefore, refuse to examine small os 
4 cee _ trees for old marks. In 1920, in making a relocation, the writer found a cedar a. 
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RELOCATING L AND SURV EYS IN TE XAS 

elm which was” marked in 1842 as a witness to a corner. 


“a 
on some of the « early surveys. the ‘notes call. timber line at a 
_ given distance from a corner, or for timber at the corners, and these locations - 


are » found in fields or on p prairies, ‘it is necessary to determine whether the con 
ditions called for existed at these locations when n the survey was made. 


make the investigation pits are dug 2 or 3 ft. i in the ground. — By careful | 
~ examination of the vertical banks: of ‘these. pits the forms of tree roots can be _ 


F “i traced by the presence of root bark « or coloration of the earth long af after all. 
trace of the wood fiber of the roots has perished. Most hardwood trees have 


large tap roots, penetrating deep into the ‘substratum of clay. These roots 
_ persist long after all surface traces of the trees ar are gone, and even after the — = 
roots have decayed completely, their forms can be e easily traced by the residual 
humus and the surface soil washed and settled into their clay moulds. ony 
~The writer’s experience indicates that the pioneer | surveyors ra ran 
‘their lines long, and that the bearings: vary | on the ground considerably from | 
= those given in the field notes ; but i in making a relocation of an old survey, if 
the su surveyor will use a light, open- -sight ¢ compass with ar an 1 ordinary Jacob stat i 


shew will Il have | little in following the marked li 


7 


proper approach to a difficult | relocation is very important. The 


only ‘the: surveyor have i is in n finding the facts. He ‘shoul make 
- his. position clear to the contending parties and w ith the record before him 
approach the problem very much as a detective investigates the mysteries — 
of agi great er crime. He should run. down clues and test out theories until ‘some 
one or more facts have been established. Then by applying the descriptive _ 
ma of the record, he should find corroborative facts and make out the 


complete case. He should observe rules of legal evidence, 


§ 


re the results of experience from time so-remote that the memory of Man 
“rynneth not to the contrary.” Hearsay without corroborative facts 
cannot be accepted, except a: as clues. OF OWT Fad? 
‘When the investigation is surveyor must be certain of the 
results beyond a reasonable doubt. | If he has found sufficient facts to justify id 
‘it he should d relay the boundary on the location of the old one regardless of 
interests or conflicts. On the other hand, if the facts are ‘not sufficient, he 
should not make a ‘relocation, but should report to his client the conflicting 
Bei etnias, 3 giving the client the benefit of all clues, theories, and facts a7 


during the investigation. Doubtful relocations and conflicting interests can be 


settled d by agreements 0 or adjudicated by the Courts. 


= 
Papers. “4 Nove 
ating sur- 
veyor gave the size as 0 1m. In diameter. In 1¥2U, the diameter was8in. On | 
7 2 __ another occasion, a post oak, 34 in. in diameter, was compared with a sweet re ro 
t 
{ “4, 
the 
| | but 
— 
i. 
| 
| 
eyor 18 usually Called in after a controversy Das arisen tO Which His 1s a 
q 
| 
— 


z. the surveyor must have a definite conception of his 


— duty. if the field notes state that the original surveyor began at a definite 
point and ran ome lines on corgi for given distances ; that he marked — 


terminal, and intermediate 


by the lines joining original boundary regardlees 


- course, distance, or quantity y of land. . Therefore, it. is s the duty of the ; surveyor - 
to find and identify the ok objects ¢ called for and lay the relocated boundary on 
the ground accordingly. The surveyor is employed to find and report the 


‘but it ish his privilege and duty y to defend the facts se set out in his sia 


a 


‘on 


4 


facts. His duties do not require him to become an advocate of his principal, _ a> 


wa 
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THE BEHAVIOR OF A REINFORCED CONCRETE ARCH 


Szanoy B. Sack, M. ‘Aw. ac: C.E 


SEARCY B. M. Am. Soo. E. letter). §—The 


brought out a number of valuable points and have added materially to the “ud 
paper in other ways. In general, the subjects raised require more 


"explanation of the paper should made. 

Mr. Gilkey points out|| that the stress on the of: the 
concrete appear to be rather high. Perhaps enough emphasis was not given in 
‘the paper to. the statement these stresses were computed from strain 


oe measurements made on the surface of concrete, and that strain (or change : aa 
dimensions) ‘might be caused by many factors other than 


Fig. 13 (). . A better w 
“The temperature of the concrete after being placed i in the arch rib increased 
rapidly during the first few days and then fell gradually.” As a ma fact, 
all temperature curves: except the ones published, show that the ‘temperature 7 
had reached very nearly the maximum ata period of 14 to 2 days, In the case > 
of thinner sections of the arch, the fall temperature | did begin after 
period of about 
In his discussion] Mr. Fuller takes ‘exception to Conclusions 2 and 4 It 
‘e might be implied from Conclusion 2 and the text of the paper that a ‘fall in 


~ 


 * Discussion of the paper by Searcy B. Slack, M. Am. Soc. C. E., continued from ae 
Bridge Engr., State Highway Dept., ‘East Point, Ga. 
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SLACK on BEHAVIOR OF CONCRETE ARCH] 


temperature of 115° ‘ahr. to 

design. This drop would | be from maximum during 
set to the 1 minimum reasonably t to be ‘expected - in the concrete. To suggest 
this much fall in temperature was not intended. There is much evidence indi- 
cating that there is ‘Te: -adjustment of stresses between the ¢ concrete and bag 


design be on "further “study and reseach work, but it is 
_— writer’ s opinion that somewhat more than one-half the total fall indicated 
would nearly -Tepresent existing condition ; that is, a fall of 50 to 60 degrees. 


oa While a re- -adjustment of stresses Seni concrete and steel due to the 
: * fall in | temperature probably does take place, ‘it is a little difficult to imagine 
“tht a gradual rise in temperature above the mean ‘reached between the ‘the con- 
crete and steel will cause an actual reversal of the former stresses. 
Conclusion 4 is obviously open to question as are all stress: ‘measurements 
whieh are based upon strain converted into stress. . This is particularly true 
_ when the measurement extends over a considerable period of time. wey 
Mr. Turner* brings up the point that ‘ ‘error in the interpretation of exten- 
J 
-someter and telemeter readings follows the assumption that change of form of. 
the steel invariably represents deformation attributable to elastic stress induced 

by y applied loads. ? Gauge | points s used for telemeters and strain- -gauges through- 


on this work were located « on ‘straight sections of the steel and were at least 


piste on the steel bars may reasonably be assumed to ‘represent stress. 
a Mr Turner statest further that the test blocks which were used in these 


experiments were too short to develop ‘the 1 tension which would occur in longer 


_specimens. If the tension in the steel in the early stages is due to a difference 
in the coefficient of expansion of the concrete steel (which seems to 


- the most logical explanation | of the initial | tension), the length of the ‘specimen | 


tof would have no particular effect on the amount | of tension, provided the length 


was great enough to develop bond ‘fully between the concrete and the steel. 


After” the reports w were prepared « on this work, additional. 


were made on steel bars in Test Blocks Nos. 1 and 2 referred to in the paper. + 
These measurements were made three months and five months after the blocks 


+ had been cast. Those made at three months indicated that practically all the 


initial tension | in the steel had been relieved, and at five months there was e. 


‘slight ¢ compression in the steel. These further measurements bear out 


ve Professor ‘Fuller’ Ss statement§ of a re- -adjustment taking ‘Place between the 


ae “a Mr. Strahan has suggested || some interesting applications of the equipment 

is, used in ‘this work, and it is to be hoped that some of the research suggested by 

<a 2 Proceedings, Am. Soc. C. E., 1930, Papers and Discussions, p. 1036. 

cit., November, 1929, and Discussions, 2290. 

Loc. February, 1930, Papers and Discussions, p. 367, 
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‘ ‘EFE ‘ECT OF TURBULENCE ON THE RE GISTRATI ION OF 
CURRENT ME TERE (8) 


B. F. ‘Am. Soc. C. E 


F. Groar,t M Soo. vonne 
“paper it will be of to discuss a that 
_ bears directly upon the averaging of current-meter readings | taken in a vertical — 


velocity plane, or—what amounts to the same thing—to state those results 


giving ‘rules’ similar to those of Cotes, Newton, Simpson, and ‘others, but 
especially formulated to supply averages in the form of the arithmetical mean. Fe 


observations and tables by Messrs. Yarnell and Nagler present oppor 

All hydraulic engineers are familiar with | the “two- tenths eight- tenths 
oe method of averaging two ‘readings to obtain the mean velocity i in any 


. vertical. ‘This rule i is | based on the hypothesis that the actual vertical velocity 


A curve approximates the are of a parabola. The rule i is exact for- a ‘parabola 


a with its axis parallel to the current. It is also exact for a straight-line velocity 
gradient. It is known that, in particular cases, the actual velocity curve may 


“depart widely from the arc of any parabola. However, if it is Lacan tos state 


a rule, or rules, based on several point-velocity readings at variou 


‘su = 
such that the arithmetical mean represents the average for a curve of higher a 
order: than that of a parabola, the error of the mean can be reduced to an 


increasing extent as the > number of such points is increased. In current- meter 
work, the appropriate arithmetical mean has the peculiar adva ntage_ that the a 
ordinates” are not at the ends: of the base Tine (water surface and 
bottom), as is the case with the usual rules of mensuration. ~The qualifica- 

tion, , is ‘made because there is an infinity of arrangements of 


gb * Discussion of the paper “by David L. Yarnell and Floyd A Nagler, ae 
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* 4 GROAT ON EFFECT OF on METERS (Pp 


9 

| gener 
ina paper, , entitled “Mean Value of the Ordinate of the Locus of the Rational 
Integral Algebraic | Function of Degree, n, Expressed as a Weighted Mean of 


: +1 Ordinates, and the Resulting Rules of Quadrature”, read before the | 


Mathematical Society, at Providence, ‘LT, on September 12, a 


1930. It furnishes not only the well-known formulas of mensuration (Newton's 
rule, -Simpson’s rule, ete. ), as as special cases, but also supplies, as other special | 
a; “eases, the rules conforming to the specification for current-m -meter readings 
(as. previously. stated) at various depths in the vertical- -velocity plane. 
These results may be stated briefly under eight headings, as 


| ie eight- tenths method” is mii snamec 


Range of validity of mensuration rules; 4 Ty 
(83) Weight ratios for “two-tenths eight-tenths depth method”; 


‘Fw 4 (4) Arithmetical mean of three ordinates; 
Arithmetical mean of four ordinates; 
@) Arithmetical ; mean of five” ordinates; 


Arithmetical mean of six ordinates ; 
Arithmetical mean of ten ordinates. 


ve 


yet a name » should be discarded because it is misleading. 
The correct relative depths (relative distances from the ends of the base = 
in mensuration) for the two ewe: Teadings, when measured from either 


the water surface, or the bottom, are and, — = 


approximately, i in decimals, 0 211395 0.788675. It ‘should be observed 
that this not only represents ts the true | area of a parabola through the two points, 


et also the area bounded by a straight line passing through the two points, the 
base line, and end ordinates (water surface and bottom). 
vi (2) —Range of Validity of Mensuration Rules.—The foregoing relation is 


a general truth in mensuration ; if n points lie on _ locus of a rational, 
algebraical equation of lower degree than 
for n points will not only be a true rule ; for the locus pg rational, integral, 
algebraical equation of the n— 1th degree, but, also, for all loci of equations 
of lower degree than n— -1. Therefore, the ‘tule for a parabola works on 
line; the rule fc for. a cubic works a parabola and ona ‘straight line; 
rule for a quartic works on a cubie, a quadratic, and a straight line, ete. 


Weight Ratios for “Two- Tenths Eight- Tenths Depth Method. —The 


properly locating the other two. ordinates, 80 that Cotes’ rule (the 
a of Simpson’s rule), 1:4: 1, is replaced by 1: 0:1, thus. giving equal weights 
ey to two ordinates. It was shown i in the paper before the American. Mathe- 
age matical 1 Society that the ordinates may be located | anywhere ¢ and their respective 
a - weights: calculated ; or vice versa, the weights may be chosen and the ordinate 
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obtaining further simple rules for r averaging (point- velocity 


(4) ARITHMETICAL or THREE ORDINATES (7 = 8) 


pet 0. 8585534 


Fr 


(6) ARITHMETICAL Mean oF Fivz ORDINATES (n ad 


N11 |4 ing not uni- 


| q 


dete N OF ORDINATES =6 


4 


| Under | Heading (7) i n Column (3), « c=z—z*. Thus, r is a function of a 
the coefficients of a The rules t tabulated determine an average ordinate 
in terms of the arithmetical mean of n properly located ordinates. OF 


Table 9 the column headings, (x), y (y’ ), and z (7), the 


relative values of the abscissas corresponding to ordinates symmetrically 
oe located i in pairs with respect to the center of the base line. | Thus, 2+ 2 =1, 


ete. When there is an odd number of ordinates, z and ¥ (Column 


become identical as the relative abscissa of the mid-ordinate. the 9 
Abscissas are relative distances from either end of line 


(surface, or b bottom, for current-meter ities). When a a grea eat number 
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GR OF TURBULENCE ON CURRENT METERS 
averages, or resulting areas, are to” be determined 


profiles, a diagram of radiating lines may be, drawn « on a piece 


1 tracing cloth, so as to touch the ends of a 
of the tracing cloth and also to intersect the base 
 -points ‘relatively distant from the ends’ by amounts “proportional to the 
abscissas concomitant with the rule to be used. The diagr ram with its 
base parallel to the @ given base, and with its end lines touching the ends of the 
: given base, will locate immediately all the intermediate p points, along the given 
_ base line, at which ordinates are to be erected. ‘The arithmetical mean of 
these | n ‘ordinates is th the average value which, when multiplied by the length 
“ the given base, | gives the area “enclosed by the profile, the | base line, and 
erected at. the two ends” of the given base on the drawing. 
The two. end Hines on the diagram may be used to locate convenient 


Those consecutive bases need not necessarily be equal, , but had better be 


if they did, not be so accurate, since the relative weights ‘of 

e- end ordinates, for r symmetry about th the center, are less than unity. The r rules” 

sive the ‘exact area under the curve of: a ‘rational, integral, , algebraic curve of 
s by 1 than the concomitant number 

‘Ba 

of stated). the are drawn to any curve of more or less 


smooth. shape, * arithmetical mean of the ordinates is an approximation to 
E34 of that | curve, the degree of approximation 


‘inereasing with: the number of (and with the 7 


Universal Applicability of the Rules. —There can no doubt that proper 
use of Rules (4) to (8), inclusive, will lead to greater accuracy ii in reducin fs 


field work, whether in water or other classes of | engineering 
The accuracy of the formulas can be checked by applying them to curves fot 


4 
iH which the proper ‘ordinates have been calculated. Use the radicals, r, becaus se 


Limitation on the Use of Weddle’s Rule.— —When the base is divided into 
 gix equal parts by seven ordinates, one at each point of division, including - 
of the base, Weddle’s rule’ states that the weights are, respectively, 1, 5, 


1, but it is 3 not exact for s seven 1 ordinates to a curve wat the sixth 


‘The arithmetical mean of ten ordinates” representing generally the area 

under the locus of equation of the ninth degree would furnish a most 

facile ‘method for practical use, since it requires nothing more. than addition 

and shift. a decimal point. The weights for ten ordinates which divide 
the base nine equal parts: are, beginning at t either end, 2 857; 


= 
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4 (8) —Arithmetical Mean of Ten Ordinates.—Until the more exact rule for 
“4 the arithmetical mean of ten ordinates is adduced, the arithmetical convenience 


al ten ordinates, together improvement in accuracy, can be had by 

4 using the rule for five ordinates on a base civided into two halves, just as as one 
5 tions of the ordinates for this purpose a are: 004187508; 0. 15636465 ; 0. 


95812437. ‘The arithmetical mean of ten ordinates thus located i is the desired 


= average to about seven places of figures; that is, , accurate: for two ares ¢ 


0.34863535; 0.45812487; 0.54187563; 0.65636465; 0.75000000; 0.84363535; and = 


quinties Ww vhich, together, pass ss through all ll ten points. 
=" ‘Tables 7 * and 8+ present the essence, and show the advantages, of the 
method of ‘ageregates” or the “statistical method”. + In any good 
section, the ratio of discharge to the aggregate revolutions per unit time 
- (or agg regate velocities, if preferred) for readings taken at given points is 
a determinate function of the elevation of the water surface. ‘When the dis- 
charge is constant, as in a mill- “race, the function is constant. The 
statement accuracy ‘cannot be made less than 2% is too conservative. 
if one takes care to eliminate unknown influences as far as possible, including : 
such conditions as rapidly fluctuating stages, and then determines | proper con-— 
_ stants by means of proper aggregates, the discharge can be gauged within a — 
stants by f tes, the disch be d withi 


fraction of 1 per cent. - Most of the difficulties with cur ‘rent meters have e arisen “a 


when n trying to harmonize varying readings when the aggregate used was alto- 5 oa 
gether too thin. Engineers must distinguish carefully 
errors rs and systematic, or constant, service. _as 
diy: Figs. 23§, 24|| and 259 show that there is some kind of ‘relation be 


such widely separated conditions of as those at Towa i in in the 


4 


any very aa agreement between ratings in turbulent water and ee in 


“steadily flowing water, even if the of approach and 
direction should be be the same in the two is. best illustrated by the 


_ * Proceedings, Am. Soc. C. E., August, —n Papers and Discussions, p. 
ee t “Characteristics of Cup and Screw Current Meters ; Performance of These Meters. in : 
- Tail- Races and Large Mountain Streams; Statistical Synthesis of ‘Discharge Curves,” 
Fronsnctjone, Am. Soc. C. E., Vol. LXXVI (3918), pp. 819, 838. 
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BALDWIN FILTRATION PLANT, | CLEVELAND, OHIO 4 

By E. J. W. Exims, G. w. Haun, A. Lavy, D 

E SHERMAN Cuase,t M. Aw. . Soo. ©. E. (by letter). §—The writer has been» 


~ impressed not only by the size of the Baldwin Filtration | Plant, but by the 
_general excellence of its design and construction. It is: gratifying to 
complete a description of the plant available in permanent form. 


a The use of the hydraulic jump|| for bringing about the mixing of the 

“coagulating chemicals with the water is one of the interesting features of 

— the plant. This ‘method has the obvious advantage of simplicity and > 
sence of mechanical equipment. On the other hand, there is a loss of head 
‘involved of approximately 24 ft. which would be largely avoided had mixing» 

tanks s equipped with stirrers been installed. Furthermore, stirring 
capable of being operated at variable speeds permit somewhat greater flexi- 


bility of operation than flumes of fixed dimensions. ad “3 


form isa from what seems to be the present trend in filter a 
plant practice is probable, however, that in large plant with an 
adequate laboratory | staff, the adjustment of the alum dose can be — 
lated more exactly by the method adopted than by dry ‘feed. ° Economy in 
the use of coagulants is of ected merit where 1s large quantities of w water * 
“oft ‘The adjustable weir plates on the wash-water troughs are novel features 
and the wisdom of this provision has apparently been substantiated in practice eee 
as shown by the experiences ‘described by W. C. Lawrence, Superintendent of 
Filtration at the Baldwin Plant.** According t to Mr. Lawrence difficulties 


in securing proper cleaning of the sand grains during filter washing 


= 
* Discussion of the paper by J. W. Ellms, G. W. Hamlin, A. G. Levy, and JI. ELA 
Linders, Members, Am. Soc. C. E., continued from September, 1930, Proceedings. tei Ae 7 7 
Received by the Secretary, August 14,1930.” 


** “Variable Wash Water Rates with Changes of Water Temperatures,” Journal, 


Water Works Assoc., Vol. 22, No. 2 (1930). wee 
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available, it would have been difficult to readily increased the 
rate of wash without undue loss of sand. 
ae The advantage of high- -velocity wash appears to have been shown « else- 
where. This is particularly true at the filter plant at Greenwich, Conn. and 
been ‘demonstrated experimentally | at Detroit, It probabl 
that in ‘the future more liberal provision for high wash- -water rates w ill be 
é made i in filter- -plant design than has been the general practice in the past. 
characteristics of the filter sand closely follow the usual specifications, 
erience in the Greenwich plant indicates | that the | Tequirements for a 
low uniformity coefficient mer ‘bet in the case of sand filters. 
effective size wat 0. 36. 0.87 mm. a uniformity 
whereas, in er 
a uniformity coefficient of 4, 65. Operation records have 
Satisfactory results with the two sands. The reason for equal performance 
is probably due to the fact that the hydraulic grading of the sand by washing 
~ results i in the finer sand being brought le the surface of the bed where most of a 


In closing, it is interesting to note that the City of Cleveland has expended 


‘ about 87 000 000 for the purification ofa supply which, as late as 1910, was - 


the increasing on the part of the public Ww cater supplies of ‘the 
degree of purity. oft hiner daider to: 


J. W. Etums,t G. W A. G. Levy AND J Liners, 
r. pers, Au. Soo. OC. E. (by letter).**—The engineers who have so kindly discussed _ 


3 this paper have brought out a number of points in the design which are worthy 


question asked by Mr. ‘Van Loantt ‘relative to the operating resu alts with 


‘obtained from five years” of successful operation. These flumes have 
“4 efficiently mixed the alum solution with the raw water, and the flocculation © 
‘ 


— the jumps has been entirely satisfactory. to® to bei 


‘The use. of an alum solution instead of dry feed does depart eens the he 


general trend of present- -day practice, as ‘mentioned by Mr. Chase. The 


_ writers are fully aware that this is the case, but experience has shown that 


* “Studies on the Washing of Rapid Filters,” by Messrs. Hulburt and Herring, Journal, 
™ Am. Water Works Assoc., Vol. 21, No. 11 (1929). SOT 


+The New Purification Plant of the Greenwich Water Company.” * Journal, New nage 


Water Works Assoc., Vol. LXII, No. 4 (1928). 
-—-s« ¢ Engr. of Water Purification and Sewage Disposal, Dept. o of Public Ut Utilities, Cleveland, 
--s«$ Engr. of Constr., Div. of Water and Heat, Dept. of Public Utilities, Cleveland, Ohio. — 
I —. of Constr. and Surveys, Div. of Water and Heat, City of Cleveland, Cleveland, 
- 1 | ‘of Design, Dept. of Public Utilities, Div. of Water and Heat, Cleveland, Obio. 
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ures accurate and uniform, and consequently economical, application of ‘the 
vest co has been obtained at the Baldwin Plant. & 


at the Baldwin Plant, namely, the dissolving of weighed 
quantity of alum by the upward flow of a measured volume of water, is 
extremely simple process ; and when the solution is properly agitated before [> 
using, does 1 require laboratory supervision. The writers are firmly 
inced that the continuous uniform measurement of a liquid is more scourately 
nd more easily obtained than the continuous ‘measurement of solid particles. — j 

_ The experimental, work* upon which the design of the hydraulie-j 
* flumes was based, conclusively demonstrated the thorough 1 mixing action: pro- a 


duced by this ‘method. In this work the explor ation of the jump with Pitot 


a 

a 


tubes showed w ater currents moving in all directions within the jump. The 
writers ‘cannot conceive of any form of mechanical stirring which would 


produee more commensurate initial jarring of the water” as stated by 

Jenks,t than that obtained i in the hydr: aulic jump. 
The Baldwin: Plant was designed, in the providing for the pre- 


liminary treatment, on the basis of two. steps: ‘First; for ‘practically 


instantaneous , thorough, « and intimate mixing of ‘the chemical coagulating 


: solution with the w vater; and, second, for a gentle agitation of the entire flow of 
the treated water over a period of time to permit of the agglomeration of the a 


floc. The } purpose of the first ‘step was ‘simply one of ‘mechanically mixing the 


‘ alum solution with the water, and the element of time is imeanntgeia} provided 


"enter into ai and play av very, - important part the second step of the process, 
namely, the agglomeration of the colloidal particles into a floc formation. | 
‘The second step i n the process is accomplished at the Baldwin Plant in the | . 
large conduit, with h sets of “over and under” batiles, which connects: 
the hydraulic-j “jump section with ‘the coagulation basins. . The 


water be being treated, and of coagulant added. In experimenting 
with Lake Erie» water, the writers found that this time ‘period need not be 


‘ion 

a ¥ longer than 5 or 6 min., with a velocity of 0.75 to 1.00 ft. per sec. ‘ A pin-point 

the = floc is characteristic of Lake Erie water treated with alum as the coagulant. . 
The The usual small quantity of suspended matter in Lake Erie water may account 
hat for the small size of the floc formed. 
The writers agree with Mr. J enks+ that the loss” ‘of head ‘through the. 
hydraulic Jump is comparable with that in the ‘conventional type of bafiled 
git mixing chamber; but they ‘seriously question whether the same degree 
and, 


wer thorough and rapid mixing of the chemical with the Water is obtained in the 


e 


esign of the ‘Baldwin coagulation basins was Dazed on a theoretical 
wae of flow and a definite period of detention. ‘It was considered desirable | = 


ben Hydraulic Jump as a Mixing Device,” by A. Levy J. W. 1 Ellms, Mem- 


as Am. Soc. Cc. ‘5. Journal, Am. Water Works Assoc., January, 1927.0 
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to have an average velocity of 2 to 2.5 ft. per m min., .., and a detention p period « of 


Continuous sludge removal was not permissible at Baldwin PI 


because the sludge could only be removed in the spring and fall months. 


_ More shallow sedimentation basin design than is commonly used appears to 
have a reasonable basis from theoretical considerations. However, ceertain 
7 g practical deductions from observations extending over many years, with many = 
different types of water, lead the writers to believe that efficient sedimentation | : 
of of suspended matter, with a specific gravity as close to that o of water as is 
produced by coagulating Lake Erie water wi ith alum, requires: “average depths. 
of not much less than 15 ft. ., Ee will have to be proved that i inv 80 > mobile a 
liquid as water 1 the velocities i in basins of only about ‘one-half this depth | are 4 
not "destructive of efficient in the lower strata of water at and 
near the bottom. The writers” believe caution should be used in applying 


‘the over-flow rate theory as at present developed. One questionable point | 


is the relationship between total depth a al nd the overflow rate | depth. - Whatever 
factor may be used for this ratio would seem to be affected materially by the | 


character of the suspended particles. As variations in temperature of the 
water will change its viscosity, it does not seem improbable | that efficiencies of - 


- coagulation basins may be affected by this fact, as noted by Mr. George G. 


hydraulies involved in the design of ‘filter pl plant is of the utmost 


_ importance and affects its successful operation. Experience has proved that _ | 


. the e greatest care and skill are required in | making the computations involved 
; in the various hydraulic problems entering into the proper - design of a filtration : 


‘When these computations are carefully made, it will be found that the. 
actual hydraulic gradient through the filtration plant will be in very close” 


agreement with the theoretical gradient | as s calculated. ass 


a i Good design involves the proper velocities in mixing the coagulant with oe 
water, in secondary agitation to produce proper floceulation, in channels and 


through sluice- -gates to. prevent breaking up up the floc, and in coagulation basins 
to permit of effective sedimentation. Adequate available head for filter 


operation and for v washing filters should also be provided. | Gutter and drain 

‘- xy capacities for wash water, when used at the highest rates of flow, are impera- , 
a to permit proper cleaning of the filters. Unless all these points of design 


carefully considered and properly calculated an efficient plant cannot be 


{i An additional feature of the purification process at the Baldwin Plant not 
contemplated has been the recent adoption of the -ammonia-chlorine 


eee of disinfection by which the problem of chloro-phenolic : tastes appears 
to have been solved. No such objectionable tastes have been noted since the ) 


adoption of this process at the Cleveland d filtration plants i in J anuary, 1930. ” 


ti The w writers are glad to note that 1 Mr. Herront finds the cost data t to be 


at “The Trial Filtration Plant, Ottawa, Canada,” by George a. Nasmith, Journal, Am. 
Water Works Assoc., August, 1930. = 908 
Am. Soc. C. E., September, 1930, Pap iscussions, p. 1727. 
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SOCIETY OF CIVIL ENGINEERS 


INSTITUTED. 


PAPERS” AND D DISCUSSIONS 


This Soctety is not responsible ‘for any statement made or opinion expressed 
in its publications. 


- 
Mow 
Discussion 


Eremiy,t Assoc. M. Ax. Soo. C. E. (by letter). —This paper, i= 

swith that Methods of the Moffat ‘R. 


many interesting ‘engineering and economical features of tunneling. More- 
over, in his reference to the late David H. Moffat, | the author calls attention 
3 to the fine public spirit of one engineer in working with untiring activity for | 


- The author has stated that . observations on the lining on the tunnel have 
- proved the statement made by the Board of Consulting Engineers that if weak © 
rock is held securely it has a tendency to reach a constant distributed hewn 
thus insuring permanent safety. { This statement is in agreement with ll 
"9 theory of pressure ‘on deeply overlaid tunnels as developed by Kommerell.** oil 
: ei When a tunnel is excavated ina soil of uniform cohesion an arch effect 
over the bore, and the pressure on the lining will be expressed by 
_ weight of the area of the parabola, ABG, in Fig. 13 (a). Tf a side} pressure 
‘ occurs, the loading diagram will be expressed by the shaded : area in Fig. 18 (0). 
The curve, A’ is a parabola or, for practical purposes, it may be con- 
as an ellipse. ‘Since the height, H, in Fig. 13, is a function of 


cohesive properties of ‘the ground, a comparatively bearing pressure 


will 0 oecur in the arch roof of the tunnel 1 unless it is complicated ee 


ae In discussingtt timber lining, the a author 


Mr. Keays 


=" Discussion of the paper by Clifford Allen Betts, M. Am. Soc..C. E ” continued from 

t Received by the Secretary, 27, 1930. | fu 
Pransactions, Am. Soc. C. E., Vol. 92 (1928), p. 63. 
Proceedings, Am. Soc. C. Ay April, 1930, Papers and 1 Discussions, P. 
Kommerell, “Statische Berechnung von Tunnelmauerwerk’”’; see, also “Tunneling, 

tt Proceedings, Am. Soc, E., April, 1930, Papers and Discussions, 697 
Transactions, Am. ‘Soc. B, Vol, 92 Pp. 95. 
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les 


does not = 


2 


wif 


11 


_ is of uniform formation. Usually, it is cut by seams and fissures and shattered 
by faults. A geological survey is expensive and, therefore, in order to have a 
greater factor of safety, a structural material with better resistance to shear, 
and flexural stresses, than timber is usually selected for the lining of deep 
tunnels. A serious disadvantage of timber lining is the difficulty of preserving © 
it from decay. High temperature, moisture, and chemicals dissolved in the 
wound arevery 
_ Useful information concerning soil pressure may be obtained from an- 


e ground before 
ture. Therefore, this 
MA 
«Engineering News-Record, December, 1927, p. 1039. 


iy 


— 
—— with the size of the tunnel and the arching effect of the ground and that it 7 tel 
13.—D1acrams SHowING EaRTH PRESSURE ON TUNNEL LININGS. two. 
_ Pe — _ The most common cause of failurellh the timber of a segmental arch rib J The 
is due to shear at the joints.* Many factors can be blamed for this 
= = opment of shear, namely, poor workmanship, local and uneven distribution ¢ an 
swelling in the ground, soft material unsymmetrical stratification of the one 
. ground in relation to the center line of the tunnel, and an insufficient number = 
actual practice it is very seldom that the soil penetrated by a tunnel 
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PAPERS” AND” DISCUSSIONS 


4 This Society aoe not ee for ous statement made or opinion ane 


ANALYSIS OF CONTINUOUS FRAMES 
Y DISTRIBUTING FIXED. END MOMENTS _ 


from experience with what ease, rapidity, | pag accuracy, "indeterminate 
"structures of the type mentioned may be solved. The paper, however, reveals 


the application of the method to bents of one more stories to 
side- “sway due either to unsymmetrical or to horizontal loads. 
a 


= 


RN 
Its so happened that the writer. was confronted with a problem concerning 


-story subjected to traction forces and to unsymmetrical loading. 


| The eenmperative ease and ‘simplicity of the solution afforded by the yee 


described, emphasizes: the fact that the subject: matter of the paper 
an n invaluable tool for the designer. . A deseription of t the problem and 


» In connection with the extension of a new Ou 

' River and of the development of the air- right territory over - the tracks of al 
~ Tilinois Central Railroad and the Michigan Central Railroad Companies, : north 

: of Randolph | Street and east of Michig gan Avenue, Chicago, the South Park 
Commissioners are required te to build certain These are known as the 

é _ Randolph Street, the Field Boulevard, and the’ Wacker Drive, Viaducts. They 
all will be two-level structures having, i in general, transverse girders at the 

; column bents and longitudinal floor-beams between bents, and they will - 
_ built entirely over railroad-yard tracks. Because of certain sub-surface rights 

granted the ‘Railroad Companies, it is “required that. the columns of these 


viaduets be carried down Elevation. —19. 0 (Chicago City Datum), at 


* Discussion of the paper. Hardy Cross, M. Soc. continued from 
Acting Engr., South Park Commrs., Ill. 
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“which point on will rest on caissons. ‘As the top of the agg: of t the he top deck 


in size in normal to the center line of 9. 0 ft., including 


the concrete encasing. + Due to the multiplicity of tracks and their varied © 
alignment, to loading platforms: and team tracks, and to limited head-room 


a the bracing which may be aaa wil be confined entirely to small ’ 


-18- 


Fic. 12 —TyPrcat Cross- | BOULEVARD 
_-‘Viapuct, Cuicaco, In. 
‘The of these structures will depend almost e tirely the 
slender columns and the rigidity of the connections. ‘Therefore, it is 
‘ ‘important to know the effect of traction and of vertical loading - upon bending 
n! in the columns and upon the strength of connections. <A series of influence 
Jb. 


te 5 

lines w was considered to be the means of the columns and ‘their 
0% 

connections in these vi be 


typical cross- -section of the Field Boulevard Viaduet is in Fig. 12. 


_ The letters refer to floor -beam points « on the top deck and the numbers « on the 


outlined in six ste 


a ie 1.—With the unit load at Point C on the top deck, the fixed-end moments 
B, and F are 734 and — 2.578, ‘respectively (see Fig. 13). Distribute 


- these moments as demonstrated by y the author in Fig. 1° using a “carry-over 


factor” of — and considering no sidewise deflection of the bent. y the 


final moments, Mc, jane, given, in: Fig..18.. stead: 


2—After the distribution operations, ‘compute the column shears (see 
Lites Fig. 14), HT, and H’gc. (The subscripts refer to the top or bottom story 
h a unit load at Point C. at ‘ail Jen 

the sa same > bent, but without the.u unit vertical load, and any 


Am. Soc. 6. E., “ay. 1980, Papers and p. 
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restriction on these moments is that they shall be proportional to the a. of the _ 


columns to insure that the deflections at the tops of the columns will be the a 13 
same. For the ‘present purpose values of 100, 211, and 100, respectively were 


selected and applied as shown in Fig. 15. Distribute as before; 
sum them up and call the final moments, M”. Repeat Step 3, beginning» with 


lower-story columns. Call these final moments, as in Fig. 


Fia. 14. Suuars, H’ TC 
wirn 4 Loap at Point C, IN Fia. WITH A LOAD AT PoINT C, IN 


AND witH No SIDEWISE ‘ef ‘Fie. 46, AND WITH NoSipEWisE 
4.—From the moments, M” , compute the column shears in both 


These shears are designated H"y, H's and 


4 
TORTION IN THE ‘Tor il 


16. —MomeEnrs, 


“vertical load and that due to the assumed moments veausing ‘the 


this: total shear must equal zero to ‘satisfy statics; . that is, the total shear i is ae 


were 

po + + bH"'s 
or, os the a from Figs. 14, 1, 17, and 18, Equations 4). and 


> 


204, 
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+6, 
| = 2578 ~2.636 (2) +0 
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Solving 6) (1) simultaneously, a + 0.000642 and b = | 


The total 3, ete. Wig. 12), due to the 


- 


that is, using values from re. 15, and 16, and the determined 


“942 0. 00064 > 90. 000018 


so on for all other moments, M,, M,, et oe. age: 
if a.—By inspection 0 of Fig. 14, it that the resultant t shear in 
gn 0 y insy g. 
the top story” (0.027 Ib.) acts from right to left. (According to the convention | 
nS used by Professor Cress" the shears as shown i in Fig. 14 are acting on the lower 
of each column. In this example, all ‘shears have been shown in ‘this. 
way.) In order to satisfy statics the shears ‘the outside columns. then, 
4 should be d decreased | and the shear on the center column increased. _ Assume, 
nt arbitrarily, that shears a acting from left to right | are positive ‘and solve Equa- ; 
tions (6) and (7). Then, substitute these values of a and b in Equation (8), 
a solving for M, and M,, (outside column moments). ‘these moments are 
decreased numerically mM, M ‘respectively, then the “original 
— for the sign of the shears ¥ was correct and w rill hold for all other 
positions of the unit load on the top deck. «a check on the work is obtained 
by noting that the | sum of the ‘column sia computed from the final moments . 
6. .—By using Equation (8) to correct all M’c moments at Points 1 12, 
ete., of Fig. 12, the material i is derived v with which to plot two ordinates (at Cc 
er at J) on the influence line for the moment at | any one or all ¢ of the ‘points 


ge in Fig. 12. It should be noted that the effect of the load at J on My 


for example, ' will be the same as that of the load at C on 1 MU, the bent being 


symmetrical, except that the sign of the : moment changes when ¢ dealing with 
column moments. sign remains unchanged for girder moments. 
of influence lines, selected at random, are shown in Fig. 19. 
a It should be noted, also, that in carrying the problem on for positions ae 
the unit load at other points on either deck, the values of M’ and - and H"y 
and and herein for Point | C, may also be used for the 
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[4 After the load has been | run across the top deck, it can be placed on the | 
lower deck and an independent set. of influence lines.obtained for moments at — 


-the-same points, 1 to 24 , inclusive, shown on Fig. (12. The conclusions and 
results which may be obtained from these influence lines are obvious and need — 

og 


(a) INFLUENCE LINE FOR : 


Fie. 19. —INFLUENCE LINES, IN Foor- Units, For N, * 
THE Top Deck Is LOADED. 


Pr "are an element to be considered, their effect may be determined by Steps 3 to 6, rs 


inclusive, because i in n. this case there a are ‘no o moments, M’, and ‘the shears do not me 


(5), and (8). Otherwise, the procedure is the same. 
‘Tn the example given, the moments of inertia of the various members were 


‘ “obtained from a preliminary design, and while their actual values may ‘change 
somewhat their relative 2 values should r remain about constant. Almost without 
“exception, all, computations were “made on 10-1 -in. slide- tule. The metho 
accurate, a great time saver, and a a 


= 


b= 
oF 
7 3 
= 
if 
| 
oints ‘A 
wit 
ants.) 


[Papers. 


« 


Wessman,* Assoo. M. Soo. E. (by letter) Cross’ 
method of analyzing continuous frames i is the ‘most outstanding contribution 
‘made i in many years to the field of structural « engineering. - Although it has for 
its fundamental basis the geometry of slopes and deflections of elastic mem- 
bers—which is common to all logical methods of analyzing» indeterminate 
structures—it is | developed i in a much different 1 way. - Other methods usually 
; begin by making the structure simple; in other words, by theoretically cutting 
“restrained ends or inserting temporary hinges. End moments are then obtained 
Pi by solving simultaneous equations which are functions of the angles through 


< 1. which the cut or pinned ends must be rotated to make the structure con- 


4 


tinuous s again. The Cross ‘method, on the other hand, ‘starts by making | the ; 
‘ structure rigidly fixed at every joint or ‘support and then finding fixed- end 
‘moments for any | loading condition under consideration. joint at a time 
is then released, and the fixed-end moments are modified to secure equilibrium | } 
ay a at the released joint. This joint is temporarily fixed again until all other joints ‘| 
been “released and fixed in their new positions. Then, the procedure ‘is 
; repeated again and again, until the desired degree of accuracy is obtained. 
| The process may | be easily visualized by thinking of it as a very slow- motion | ; 
picture of the magnified, physical r response of the structure as it | gradually. 
adjusts itself to a load condition just created upon it. 
The ‘complete mathematical ‘computations which evaluate this adjustment 
; wa give final moments and shears are made in so brief a time and i in such a 
simple manner that the method i is certain to appeal to the practical- minded ~ 
; engineer. With this tool of analysis a at his command, there is no need for the 
designer to “ “shy away” from indeterminate structures. There is 1 no excuse 


“guessing”: ‘moments and shears by means of arbitrary coefficients such 
q as . s those found in present- -day design codes for reinforced concrete, which apply 


Curves of Maximum Positive and —In his concluding 
eB remarks, Professor Cross hints of the possibility of applying his method to 

an | almost endless number of specific problems and invites discussion on them. i 


_ the application of several methods 1 to some of these } problems. He senile 
prefers: that of Professor Cross and wishes to illustrate its workability. in 
N constructing curves | of maximum moments and in analyzing frames subject 
to lateral displacement. Curves: of maximum positive and “negative x moment 


“All A 
. In the first 


e, there at the supports: from ae other structural 
In the second | case, corresponding curves are computed for a four- 


n system having the s same span lengths as. the first, but in which rigidly” 
= columns at the supports : affect the moments. This case is one in 
_ which analysis by previously ; accepted ‘methods becomes very complex. It is” 


as easily treated by the author’s’ method, honerer, as the first case 


+ Received by the Secretary, September 8, 1930. 
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will I not « only show the effect of column restraint in phere ecg maxi- 
‘mum moments for the beams, but will raise some questions about present design 


nate 
iting 
ined 


2 


Load for max.—M,—— 


ad for max. +M-- 


— 


i 


is necessary to know to live loads in order to 


first Breatest effect at any point (or section) of the continuous system. is 


where the influence line performs its chief function. It is primarily a aguide 


tural for the intelligent placing of live load. ‘shows typical influence 2 


four es, lines ‘for moments and shears at various governing points in a four-span con- 


tinuous system. ‘They are “not quantitative; only qualitative. To most 


is only a moment’s task. In most cases a sketch is sufficient to tell o one where 
2 to place the loads for maximum effect. _ For the ‘governing points of the design, 


that is, points « along the mi the span, 
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2046 WESSMAN ON ANALYSIS OF CONTINUOUS 
points : at the s supports, Fig. 20 0), the salons lines for moment show that _ 
only full span loads are’ needed. Th hey change sign (from positive | to vel 
tive) only at the ‘supports. In ‘yeinforced concrete design, these points are the 
only ones that need to be investigated i in most cases. 
.* “ea Note the influence line, Fig. 20 (d), however. e This is for M at a point in e 
the center span near the support, There is is a change i in sign within t the span 
and to obtain: the maximum positive or negative moment at this point 
‘oad span load must be investigated. I This type of influence line is common 
to all points | between the support a and the ‘SO- -called critical point, which, in 
beams of constant ‘section, is about two- tenths of the span length from the 
— . To obtain the length of this partial ‘span load, it is | necessary to 
find numerical values for only a ‘short section of | the influence line adjacent — 
ee the ‘point where it crosses from the positive to the negative side. de. This 
is Point x in Fig. 20 (d). . One unit load - may be placed at the three- tenths — 


point in the span and the ‘moments found by tl the Cross method. 


Maximum Moments in Thousands of Foot Pounds 


The: process is ‘repeated for a unit load at th the four- tenths pc From 
these two load positions, enough of the influence line can usually be deter- : 


mined to obtain the load divide, or the partial length of “span over which | a 
live load must be placed. is doubtful, however, whether is is of 
practical significance. The part- oc combined with the other full- span 
om loads to give maximum effect calls for a split loading ‘ that rarely occurs under 
actual conditions. In reinforced ‘concrete design, there is ‘certainly no prac: 
tical necessity to consider these part-span loads for moments. In steel girder — 

design, they may be be needed for the longer spans in order to determine 

~ plate cut-offs more accuratel y. It is largely a é a question of judgment : as to 
the possibility _ of obtaining ‘the split loadings in service conditions. . For | 


continuous steel trusses, however, it is advisable to determine these partial 


span an loadings and their effects in order obtain maximum chord stresses 
and provide for possible reversal of stress in the pa near center 


' 


Consequently, for the maximum moment curves, illustrated in Fig. 

21, only full span - loads have been considered. Note how « one | span at | a time To 
is loaded and the results combined to give the final maximum moments for 


Curves of maximum shear given in discussion, although 


q 
must be used. To get its it is not necessary to compute any 
Bes for ¢ any part of the influence line, however, as in the case of moments. This 
a Be ist because the load « divide point coincides w with the point at which the shear is 


: 78 wanted or is in the same panel if a through girder i is being analyzed. For rein- 
—-" concrete beams of constant section, there is no practical need to find — 
= maximum shears at any it interior point, except the center of the span. _ From + 
this value and the maximum at the support, stirrup spacing may be determined | 4 
3 closely enough. . If the beams are haunched, the maximum shear at the en | 
; PS “point, or at the point of the haunch, ‘should be found in order to keep fee unit 


shear over the reduced ‘section within limits, canal 
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nea Case ; Four 20-ft. spans are used. used. (See Table 2 n has the 4 q 
same cross-section and, beeaeenateins;) the — ratio is the same for a _ As the 


ends are e freely supported, however, ‘the — ratio for the has 

one-fourth, the stiffness of a a span w ith ends being only 


= > 


CURVES OF MAXIMUM 
‘ower MOMENT 


wax 


TN 


CURVES or | 


MAXIMUM 
NEGATIVE 
MOM 


4 


_ Maximum Moments in Thousands of Fi 


Curves for Each Case are Symmetrical about Support ae 


Moments are found at all supports | and i in n the e center r of each ‘Span, , due to - 


entire e four spans of ‘the continuous system. Live load are then 
_ combined with dead load moments to obtain the ordinates for the curves 4 total on = 
‘maximum positive and total maximum negative moments for a ratio, — a equal Pe 
to 1. To get curves of moments for k any other ratio of —., the live load ae 
ments are first multiplied by the necessary ratio before e combining them with 
those of the dead load. These curves (Fig. 21 (a)), ar are quite easily plotted 
no other points than those given, ‘inasmuch as the middle three- fifths 
(approximately) for is a parabola. i 
Proceedings, Am. Soc. Cc. “May, 1930, Papers and Dicussions, p. 925. 
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CoMPUTATION OF Maximum MOMENTS IN A Fous-Sran Bua AM. 
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1000 Ib, ft. 


33.3 —88.3) 
+33.8 


08 
Load 


nee 
thes 


Moments. 


Moments 


— 21.8 96.4 


5. 73.6 


$8.0 84.0 


| 


re 


1 000 Ib. per ft. 


1 000 Ib. per ft. 


29.4 —19.6 


Lie 


etn 


ymmetrical center 
5. 


23.8 


te 000 Ib. per ft. 


0 —81.8 —144.6 7 
Baek 


-Symmetrical an center line. ine, 


—M jo ~—13.9 —258.6 60.8 - 202.0 


— Case II. —A hina story reinforced « concrete warehouse, 80 by 160 ft. by 42 — 


* Yi — with | columns on 20-ft. centers each way, is used as the or for a 


by both and Moments of inertia, L were computed, 
& the entire concrete section, but i ignoring the steel reinforcement. A width of 


slab” equal to one- fourth the span length bir used as s the T for the beams ~~ 


was | cbietieed in the moment of inertia. — From the — - values, the ve bie 


- stiffness, ‘shown at the middle of each member, was computed. 
values peices for all ratios of —, because it is easily possible to make as = 2 


for each loading without altering the relative stiffness of each 


_— obtain the curves of m maximum positive and negative moment (Fig. 21 
(b)), the same emery for Case I i is followed. ‘Maximum a column 


The of “Moment Distribution”* i is admirably a 


simple | and easily checked arrangement of figures. There is some difference 


of opinion as to the most desirable sign convention to be used. The writer MS 1 : 
: “made a somewhat detailed study of this question, comparing different « conven- 
ae and concluded that the one ‘used by the author was to be preferred. — ve 


an error in sign undetected when moments are distributed and 


| equilibrium of each joint is checked. The important factor, however, i is that 


the method is just as workable, regardless | of what sign convention is dictated 
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Compu. ATION OF Maximum Momen’ Ts IN A THREF STORY 
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? 


1000 Pounds per Foot 


iL 
+38 


Load the 1000 1b. per ft. 


Ww +01 — 0864 0 2.1/4 5.0 — 4.2 —18.4|— 81.6 +26." 


2.4 + 2.4 + 3: wicked 


My 
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+ 9. 6 +109. 6 + 6. ala 16.8. + 4.8 +2 4 


4 
+ 18.8 $8, 7.6 + 8. 70. 1 retrical about center line. 
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Mr 2 —30. 8.6 — 85.4\— 81.8 — 15.6 — 77.8), 


+779 — 8.84 08.8 — 
—Mp 412 —43.5 14. 5 196. 4|—118. 5 0. 8 — 108. 7 ;|Symmetrical about center 


—45.9 — 12.9 — 28.4 


Symmetrical about center line, 
— 17, 2 —170.8\—168.6 — 31.2 —154.4)$ 
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oa Results of Computations. —This discussion is submitted to show primarily 


the application of the author s method of analysis to a specific problem.* a 
- would not be complete, however, unless some pertinent conclusions oe 


“364 The correct values for the maximum moments at critical points. are com- , 

pared with the values | ‘obtained, using» the conventional moment — 
found in. design codes for reinforced concrete. raid (See Table 4.) 


] efficients in Article 107 of the report of the J oint Committee on ‘Standard — ‘ 
Specifications for Concrete and Reinforced Concrete (1924) + used for 


Table (a) and the in “Article 110 (a) and (b) are used for 
Case Il, Table 4 (b) - The length of span used in Table 4 (a) for code values” : 


is the full length, that i is, | 20 ft. In Table 4 (b), i in which | columns 1 restrain the 


to ‘make a fair comparison, the correct moments at the Seine of the peel have — 
= computed and tabulated. That explains the difference in values at the 
supports shown Table 4 (b) and in Case TI. The computations, Case 


‘ 


‘TABLE 4. OF Correct Maximum Moments WITH THOSE | 


of sy THE UsE or Conventional Moment Corrrictents. 


‘bre out 


67.6 — 91.0 — 73.6||— 15.4 50.5 — 67.1 1);— 62.2 + 39.6 — 55.3 
- 80.0 — 80.0 66.6||— 57.0 42.8 — 57.0 
16.8 — -  9.5)/+270.0 + 12.9 — 8.4 8.1 + 


— 24.0 + 77.9 —101.5|— 95.1 - 63.3 — 86.1 
— 85.5 8.5 — 85.5 — 64.2 — 85.5 
(Error, percentage. - 12.5 — 13.8 30.6 — 12.8 -+257.0 9.8 — 15.8)— 10.14 1.4— 0.7. 
\Correct M......+..|0 +145.8 —187.4 .8 —159.6]|— 82.6 +105.3 —185, 9 


M..........- “lo +160.0 —160.0 138.8 —188-8|/—114.0 4114.0 — 114 
ala pereentage.|/0 9.7 — 14.6 + 28.1 — 16.5 


184.9 —295.6 4140.0 —202.6]|— 41.9 + 99.7 —170.8|—160.9 4110.7 —147.2 


200:0 —200:0 4166.6 —166.6||—142.5 1142.5 142.5 3 
Error, percentage. 8.2 — 15.1 + 19:0 — 7.4 — 16.5|— 11.4 — 


Figures showing the percentage of error in code moments should interest 
many designers. _ Fo or both unrestrained and restrained beams, 8, code coefficients a 
aoe give values too high for positive moment in the centers of the spans and values _ 


a — 
ee Bouts Proceedings, Am. ‘Boe. C. E., May, 1930, Papers and Discussions, -p. 927. 
t Loe. cit., October, 1924, Papers and Discussions, 1153 et seq. 
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- little or no restraint, such as that of Case I. In _ systems like that of Case II, 

"ellis for the interior spans are e sufficiently accurate for practical pur- “ 
poses. coefficients for the end spans and particularly t the end sup supports are 
decidedly in error, however, and should be revised. b 


The design « widen: make no reference whatever to the existence of negative 
at the spans. Fig. 21. ) Even for a — 


= unity, negative moment may occur over ~ ‘fall length of interior spans ; 


— tee. maximum negative moment at the center of the sited span is 60.8. The — 
maximum positive moment at the same point is 140.0. Most designers will 7 
place steel in the bottom but not in the top, disregarding the fact that the | 

P top needs 43% of the total used in the bottom. Even for ‘spans subject to 
column restraint, the negative moment is large enough over the greater part. 
of the e interior spans to justify a decided change i in current design dsttion | 
~ Some will argue that there is no need for worrying about this because the floor . 
steel in the will assist the beam in | providing resistance to tension | 


“that the floor steel will help ‘somewhat (more i in 1 girders. than in ‘the beams), 


ignore a negative moment which may be half : as s large. 
4 When the comes for the next revision of reinforced concrete design 


coefficients, ‘thus placing ‘the function of analysis 
the shoulders of the designer. This will not only encourage the engineer to — 
develop m self-reliance initiative, » but it will pay deserved premiums 
to the man with technical ability” to design. structures intelligently. 


be remembered that many will a “half- 


= 


to which the will some cheek on. the ‘Widener 
with the author’s moments and shears any design 


subject to any condition of uniform or - concentrated loads are so readily « com- 

an puted that there i is little need for using arbitrary coefficients in any case. 

Although the preceding discussion revolves | chiefly around equal span systems 

- - subject to uniform loads, systems with equal or unequal ‘spans subject to con- - 


> 


i trate the facility of applying the author’s method to a problem usually con- 


sidered quite complex, that is, that of a mill-building bent, with 1 a stepped 
AS -colu m subject to a lateral thrust from a traveling crane. _ The problem is 
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by the in of inertia ‘the e column due to the 
different sections used above and below the crane girder seat. (See Fig. 22.) 


~The moments in the columns are wanted, due to the effect of a lateral con- 7 
een * load of 6000 Ib. on each column; this is the horizontal thrust of he 
crane, acting | 27 ft. above the base. _ The moments are first found for the 


horizontal load acting n one column. ‘Since there is a similar load acting 


on the other column, the final mominte are obtained by combining those due 


|: a single load on opposite hand bents. Vertical loads and wind loads are | 
ignored in this ‘illustration. Moments due to such loads would be computed 


z in a eed manner. For a complete design, they would naturally have to be 


8 @ 7°-6"=60'-0' 


Truss Reaction = 8 000 Pounds sits 


Crane Runway for 40-Ton Crane 
Maximum Vertical Reaction = 125 000 Pounds 


= alt 


> 


ah 
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Th 1e base of the column is considered ‘fixed. ‘The ratio of 1 the of 


the truss to the column is more than 10. ‘This makes the 
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of the so ‘that in the aiialysis' the 


-_— F value for the tre truss is taken as infinity. 7 The final moments are 2 consequently 


i slightly | in error. _ Tf the exact moments are e wanted, they may be found by 


(Fig. 23) after ‘the eed end moments are e found. _ The correction, however, is 
tt In the first operation, Fig. 23 (A), Column MNP is temporarily supported 


at N, where th the change in column ‘section | occurs, and the moments: on the 
at J M, N, P nd; that at NV 5 200 lb. In Fig. 23 (B), 


= found. ‘This simply y determines the effect of removing the sup- 


a _ the moments due to a force of 5 200, Ib. at N, acting in in the e opposite direc direction, 


‘Ti is easier to find 2 force moves N in a horizontal direction only, causing 
an arbitrary ‘moment in MN of 10000 ft-lb. This is a fixed-end moment and 
the corresponding moment in NP is 3 630 Ae Ib. found from the equation, — 


Joint N is then released and the moments are adjusted by moment distribution. 
~The shears are then determined 2 and, , from these, the arbitrary load i is found 
os to be 1270 lb.; but the actual load is +5 200 lb.; therefore, _ the final moments — 
and shears i in Step B are found by proportion. 5 Then (see Fig. 23), A mL B= G, 
¥ condition which gives the fixed-end moments at M and P, due to the loa oad 
of 6 000 lb., , and with a tex temporary support at .: to prevent side- ~sway. - The 
= of this temporar y force i is 4 500 hog’ Therefore, i in Fig. 28 ), the effect 


Mu = 7 8 x- = 18 000 
in ‘this step that the point: of in ‘column for a horizontal 


Towa at the ets is at the ame of gravity of the elastic we eights of the column. 


the point, P, the distance down to the point of is 23 


+ — = 8.0 ft. a total elastic weight is 


only when there i is pure re translation of the top and no o rotation. _ The top member, 

ee R, must be infinitely stiff to make this ‘possible. , A slight cor rrection | may be 
‘aide inasmuch as iP R is not infinitely stiff, but the correction is so _ that 


In the 1 next step, = Ep, the moments ¢ due to one 


the moments shown i in Ep: are added -Opposite- moments to “obtain: the” 
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This problem not only illustrates the application of the Cross ry to. 


frames 28 subject tc to side- sway, but, at the same time, » Points out ¢ some 
4 ‘conclusions about mi ‘mill- building bents of this type. 
Moments due to crane thrust demand large increases | in column sections. a 
In this particular case, ‘it was found that the area required by the e vertical SS 
donde had to be increased 100% to care for this moment. If the bottom of the : ie 
column pinned instead of fixed, the maximum 1 moment would | be about 
4 less. ‘Therefore, regardless of whether the bases of the columns are e fixed” 
or pinned, moment is, a a major factor in ¢ design and cannot be overlooked. 
such as ‘these are often determined by approximate methods. 
method the top and bottom are considered fixed and side-sway is ignored. 
mia A comparison of ‘Fig. | 23 (C) vate Fig. 23 (F) will indicate the great error 
% involved in this approxima ion. In another approximate me pins are § 
assumed to be placed and P, and the column i is computed as a simple 
7 a beam for the lateral load. This would give a design moment of 37000 ft-lb. hn 
= the load, which is 7 5% in error. . An: approximate method which is safe a 
, int this case is based on considering the column as a cantilever, fixed at the . 
< base. | That would give a moment of 162000 ft-lb. which is 9.5% on the safe _ 
= side. For a wind | load, or a a concentrated load acting on one side only, this at 
approximate method would waste too much column area. It is rather = 
_gerous to attempt to use approximate methods unless the designer is fully (i 
aware of their limitations. It is far better to use the author’s method of ig 
-analysis—the keynote of 1 which i is thus obtain accurate 


J. Assoc. M. Soc. E. (by t—The 4 
method appears to be ‘similar: to that of deformations developed by ‘Professor 


A Ris gan in that both methods make u use of “fixed- end moments” and 
ver ” factor, howeve ever, Professor r Ostenfeld 4 


sag! results are exact the limits of primary assumptions 
a on “a the method developed by Professor Cross is based. It is of interest, 
therefore, to compare the work required to solve the same problem by 
The writer has computed the problem ‘shown in Fig. 1§ by the - Ostenfeld | 
' cial, and finds that t the computation and checking require less time than : 
=. is needed by the Cross. method. | Besides, there i is no confusion whatever regard- 

ing the signs of the moments because they are entirely of 
position of the structural member under consideration. toys 


_ The Ostenfeld method i is not yet widely known i in this country. A It provides " 


+ Received by the Secretary, September 12, 1930. 

t ‘“‘Deformations Methode,” by A. Ostenfeld, Copenhagen, 

§ Proceedings, Am. Soc, Cc. E., 1930, and p. 
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mmetrical load, and subject to “sid ied | 
— under unsymmetrical load, and subject to “side sway”. It can also be applied a4 
to continuous beams on tall columns as well as to<multi-storied bents and 
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The stiffness factors, Ms and the fixed-ended moments, M®, to be used in the 
"present are the same as those assumed. by Professor Cross 
Fig. 1). 
direction, ‘To: solve the problem by the Ostenfeld method, first 


. at the rotation factors, Loa at the ends of each ‘structural member, by mea means deal 


he 


in Equations (10) to (28), inclusive, may be e defined briefly, 


eae “ns ai refers to one or more ) members, a i, , that are connected at Joint a; ei 

the other end, i, of the members is fixed. 


a k refers to one or more members, a k, that are connected to Joint a; 


_the other end, k, of the members is fixed. 
Od, asa subscript: of the rotation factor, identifies it as referring to 


the end, of a member at which the moment, M 


is the moment applied 


_ the end, a, ofa member, mel that it produces a rotation factor = 


a m, asa “subscript of M, identifies it as the moment at Point ain any | 


is the rotation factor at the end, m, ‘member, a m, of such 


as to create a moment, M, equal to 1. 


For Column B BA : B =m in Equation (12) a and Equation 


_ For a, B = k, and F = i, in Equation (12) and 
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or. Joint D: D = = and in Equation (12) snd (1 


; Zpp = oD = —>53 and rp =; 


anc tr = 
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alues for problem in Fig 


in which,  M°, denotes the original fixed- -ended mteeen at the end of the aa 


‘indicated. The values of M, thus determined are, respectively, comp 
= 18 18.576 fi fi 


Moc (computed independently) = = — Mp, = — 37.152 oe 
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Mor (computed independently. asa check) : =— —Mpc = 


5 


it should be noted ~— a check that the | sum of all ‘moments a around Point | c Fé a 


-writer’s opinion, however, it has the decided disadvantage that it i _ = 
- veniently reducible to a general equation that can be used | when the principles 
ft emselves have een mas ere i 


the one the author has illustrated, such ¢ as those e which occur in practice, », other 


[e methods of analysis, as, for example, slope deflection and the graphical method i 
: of conjugate points, will be found more accurate, and quicker and easier to use. - - 


_ Furthermore, the w riter believes that, less complicated problems than 


Asst. ‘Bridge Engr., Calcutta Branch, Rendel, Palmer & Tritton, Calcutta, India. 
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PAPERS AND DISCUSSIONS 


in its publications. 


_ STRESSES DAMS be be 


R. 


nearly a quarter of a century ago were ‘published the general problem of 
a the s stresses in gravity dams has not received much attention. At that time this 
from a new angle. English | tests dicated that, “except atc or near Ge 
2 foundations of a dam, the classical assumption of the trapezium or pn 


“quent designs have followed these 2 
This situation has been a source of gratification to Mr. J. “Wilson 


* writer, who conducted most of the English tests. These tests had a direct —e 


bearing on the design of the e first raising 0 of the Assuan Dam, =e their 9 accu-— i 
‘racy is a matter of consider 
akobsen draws special to this, | but he ‘states'|| that “the ‘tests are not 


the weights a are and the uncertainty as to the elastic 
a the rubber, the time effect, ete. ” All tests, of course, a1 are ‘subject to possible 
inaccuracies such as those indicated by the author. are also subject to in- 


accuracies due to the fact that the general assumptions ai and arrangements of § 4 
“the experimenters: may 1 ‘not t have been i in agreement with the practical case oer 
case 0 


made to keep such inaccuracies as small as possible. — ely, bob Rar 


Cons, Civ. Engr. (Gore, Nasmith & Storrie), Toronto, 
ms § Minutes of Proceedings, Inst. C. E., Vol. CLXXII, Sesion 1907-08, Pt. II, Lond., 1908. 
Proceedings, Am. Soc. E Sep 1630. 
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-. By Messrs. Wu CH, JOHANNES SKYTTE, 
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ae a considerable amount of labor, most of which Was not seen in the 
published results. Everything possible was done to make the results ts classical 
‘The exaggerated | virtual weights of 6 000 Ib. p per eu. ft. for the n masonry, eed 
3 500 Ib. per cu. ft. for the water, were adopted i in order that the strains pro- ¥ 
duced could be large enough to be measured with ‘reasonable accuracy while 
_ maintaining the same relative densities of concrete t to water. The dam sections © 
unloaded \ Ww ere distorted in form an 1 tid 38. only when fully loaded that the 


a tT 


MUMS Ya 


Ln 
SCALE It IN hay vol fot 


-ENGLISH TESTS: MODEL SECTION ‘CORRESPONDING To Fig. 9. palin ‘ 

> as ig. 13, the broken lines show the model section and the principal lines 

” = in the unstrained position and the full lines show the model section and prin- ; 


lines when folly strained with both “gravity” and “water w Test 


stress and strain within the limits of the tests.* Owing to the time effect of stress 
upon rubber the 1 models and similarly rubber sample tests were loaded 


for 24 hours, then rested for 48 hours, and the cycle repeated again and again 
until ¢ a permanent régime had been established. The measurement sotoereuls 


, Session 1907- 08, Pt. II, Lond., , 1908 


4 
te 
4 
i 
| 
tr 
c 
of 
oe: and the unloaded sections, 48 hours after the loads had been taken off. Some § th 
im x time after loading, the pads conveying the water pressures were gently rolled [je — 
= sidewise to allow the soft rubber under them to creep to freedom. The models 
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- and inet camera were in a room in which none beside the experimenters wa was 


a ‘The later measurements were upon large photographic negatives, 
% especially prepared on plate glass, from ib to 2 times the actual size, by means 
of especially designed micrometer gauges. gauge lines on the glass were. 
| opaque; they were projected by a lens in a | vertical optical bench on the nega- 


tives and adjusted with a low-power microscope so that the black ; images of : - 


‘8 


the g: gauge lines of the micrometer were caused to register upon the transparent | 
Tin lines or circles on | the negatives. Length measurements to 0.001 in. - Were meas- i, 4 d 
ured accurately and lengths of 0.0001 in. could be estimated in most cases. 0 
_ Angles of shear were read in tk the same manner accurately to tangents of 0.002.* poe 
AM principal ‘measurements were t taken along lines midway between the load — = 
points, , and the effects of the concentration of the loads are hardly discernible 5 
: as the published measurements show. © This is supported by theoretical con- _ 
siderations. Inv interpreting the stresses from the strains the calibration of 
is ‘possible that the elastic constants of a material such as rubber, 
of the v very best. quality y such as that adopted, do vary from point to point to 
ae extent, but observations made during the English tests did not show these 


variations to be of great importance. _ The two sections (Figs. 8+ and 9+) con-— 
a structed at different times compare very favorably ; but in any practical case— 


whether by this or any other method—it is desirable that two or more models _ 
exactly” alike be used and the results averaged. The results of the English cif 
tests have a high degree of accuracy and may reasonably be compared with the rf es 


author’s equations for ny, Ne, and potter pont babe 


the time the English | tests were it was ‘held that a correct mathe- 
matical solution was not possible owing to the unknown and possibly arbitrary 


| 


conditions at the base of the dam. — The F rench engineer, Maurice Lévy, had 


ma attempted the so solution by means | of ‘differential equations, but these did not 
ane 


take into account the base conditions. For a triangular dam, Lévy’s solution 


was in accordance with the classical assumption, but in the case of a vertical ae e 


the stresses showed considerable departures from straight lines; tensions 
= were not indicated in either case. _ The first of the English tests were re with a ‘ - 
dam of minimum section with a small base resting upon steel balls 


= 


& and free to travel horizontally. + It was ‘only prevented from doing so So by the ee | 

tions, application. along | the base of a a system of forces equal and opposite to the water 

tw een _ pressure and representing the shearing. forces. These could be varied in any ; 

stress 


manner so long as static equilibrium was maintained. o ami bes 
When the applied distribution of shear at the base corresponded with the | 
a classical assumption ‘no tensions were observed in the dam, although the line — 
‘resistance was theoretically following the down-stream boundary of the 
: middle third. The curves of shear on horizontal lines at all levels were similar ; car 
they we were nearly a straight line wpa at the up-stream end and 


* Engineering, May 22, 1908. 
ae + Proceedings, Am. Soc. C. E., sipienver,) 
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down, at the down- stream end. The curves Ny were a test 

was made with the classical shear distribution reversed, the effect of the change ; 

on the distribution of stress in the section was not considerable for more than — om 

40% up » from the base of the e section, but 1 the ¢ changes below the 40% level were , 3 

extensive. Local tensions were observed | at the up- -stream heel. These tests 

established the type of stress curves in triangular dams not too near the vase, ae 

and all subsequent tests of whatever source appear to confirm it. 

~. The sections, Figs. 8 and 9, were developed later to deal in a natural and — 

7 practical way with the lower part ¢ of the dam and the bed-rock foundations i in 

‘vicinity, including a considerable portion under the reservoir. For ‘this 

purpose it was assumed that the rock and masonry were homogeneous and 

fecnmging and that they had the same elastic constants. _ The measuring Photo- 


graphic: negatives did not include the higher parts | of the sections although 
- these were treated at a later date and disclosed n,- curves similar to Line 3° 3, 
‘Fig. *.: These tests did not indicate tensions in the upper parts of the dam, , 
: - and Mr. Wilson and the writer we were led to the conclusion that the tensions at ‘ 
_ the up- -stream heel observed were due to the influence of the restricted connec- hy 
tion to the great mass of the rock under the bed of the reservoir and the water | 
pressures upon i it. The tensions observed were quite local. | _ These general — 
results, although of considerable ; importance in dam design, except above the 4 
40% level, appear to be beyond the problem dealt with by Mr. Jakobsen, which 
relates toa | simple triangular | section in contact with a rigid base at infinity. ok 
ballin interpreting his results, Mr. Jakobsen has introduced in addition to the Ver 
ea conditions of static equilibrium, the requirement that the internal 1 work done * 
a (ox by the applied water and the masonry loadings shall be a minimum 1 and this me 
condition replaces the assumption of straight-line stress. The work has in- § , 
volved considerable analysis and is a very valuable contribution to this most 
important problem. Professor Cain* has checked the author’s work, and it ah 
may be regarded as accurate within the assumptions adopted. adit 
An examination of the method, in conjunction with the English tests, indi- 
eal cates that the results should apply to the up upper per parts o of a dam, not too near 4 
the rectangular top. The results, _ however, appear more nearly to fit the base 
7 fi conditions only as shown by the English tests, but the droyping of the ny-curve 
at the 1 ‘up- stream heel is not nearly so local. This result is to be expected 
ia A owing to the restrictions at the bases which, although local in the models, 
appear to carried. up the entire structure in Mr. Jakobsen’s calculations. 
; re _ Thus, it must be admitted that there are serious differences between the 
: — 8 analysis | and the English tests, and as Mr. J akobsen’s method is an ex- 


af ceedingly attractive one, it would be interesting to find the cause of the sual 


¢ 


a 


at 


author in his calculations and, therefore, the results must be different. 


The most noticeable feature of J Mr. J akobsen’ is his 


‘applied to them | do: not ‘nearly correspond with those assumed by 


—_— 


4 
4 
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AMS 
‘this is the cause of the excessive tension indicated and would be be very serious 
indeed, if true, in actual gravity dams. In all the model g sections, ons, lines or origin- > 


ally horizontal and straight move and tip down stream and also sag, and the 


4 


change i is such as to relieve the possible tension and to reduce maxima of either 
kind. Fig. 13 shows the strain picture of the English tests traced from photo- Be 
gr raphs corresponding to the author’s Fig. 9. _ ‘The application of a straight- _ 


- edge to the horizontal lines will show the sag g mentioned, and it will be noticed 
that considerable external work must have been done by the section, which | 


~ somehow must come into any calculation of least work under the model condi- 


Thus, the old conclusion is reached, namely, that when the » 


23 at the base are unknown both as to stress, strain, and work, no calculation is. 
“sa tisfactory, and the assumption of ¢ a prety base or horizontal plane is not 


much nearer satisfaction than the classical assumption of - straight-line law st 


and may to greater errors, 


Ip 
Y 


Eclipses of stress 


pressures on 
vertical 


of base ——_—____» 
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Shearing stresses | 
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“4 Fic. 14.—STRESSES AT BASE OF Benz: ENGLISH TzsTs, LInE 6-6 OF SAME 


In any actual dam the supports go down into ‘the body of the earth and 


extraordinary large displacements, including settlements, only 
: by the unstrained banks at the ends of the dam. Except i in very narrow gorges, 


_ where gravity sections are now ‘seldom or ever adopted, . the elastic bases may 

be more fre than i is provided in the 


The author’s reference* to “Maupertius is interesting. ‘The application of 
the principle of least work in this case. so far seems to lead in the opposite 
direction to that indicated by ‘Maupertius. Its application to gravity dams 
leads 3 not to a beneficient providential situation, but to destructive tensions 


? “structures unable to resist them. It causes them to fail, releasing great bodies — 


of water and- spreading death and destruction over extensive territories. 


_ this case, however, it is more providential to know the truth an d then meet 4 


than to carry on without the knowledge. 


ings, Am. Soc. C. E., September, 1930, and 
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tion for one niacin: case; ; but the actual application of it in full to the 

general problem is beset with difficulties which may prove insuperable. 

d 
might be that the author could re re-state his problem by assuming the strains 
at the base of the : structure to be proportional to the stresses determined by 
his present results regarded as a first approximation, and then re- -ealculate the | 
amount of least work, a nd so on, successively, until a permanent form had been i 
established. . Of course, any assumption that ‘straight lines i in the dam before — 
loading remain straight. lines after loading is not permissible. Fig. 14 shows 
some further results" from the English tests on the model in Fig. 9; it relates ‘ 
only to the base line, 6- 6. It should be noted that the departures from the: i 


straight line of the » Ny -curves for reservoir empty and reservoir full are approxi- 


Mexscu,* M. Am. Soc. ©. E. (by tthe title of poser is 
"Ie misnomer. 


| 


Century.  Castigliano’s theory is only a kind of shorthand notation of the 


4 general laws of an elastic body in equilibrium, and - the equation of work on 
which it is based is practically identical with the « equations expressing the 
Al principle of virtual work, the principle o of potential energy, Maxw ell’s equation, 
or » the many ay other methods which have been { given names in the Nineteenth | a 
Century for the solution of elastic problems. This fact was emphasized by 


arg the writer on a previous occasion. 4 At that ‘time the writer pointed out that | 

; i tests to o destruction do not a agree with the result of the mathematical theory 
of elasticity, often not within 50%» | because the latter is based on the assumption — 


that Hooke’s law holds an and neglects the ; inelastic : actions and internal frictions. : 


‘The formula for the work of strain, as given by Equation (14),§ is of a highly | + 


nature, and really satisfactory results (within 25 to 50% of tests 
to destruction) have been obtained only where stresses are e low, or or where they 


of preponderant influence in one direction, 


mi 


__ Consider, for example, the ¢ case of a a column ‘under concentric axial load. 


be to te of the work performed by all interior 
Bearing which are assumed to be unifor ‘mly loaded and strained, during their 


-shortenings. The modulus of elasticity in compression is derived from this” 


Bs, point of view; but - according to the mathematical theory of elasticity there 
a great many other stresses in such a simple structure. All textbooks in 


common use > show that shearing stresses are acting in such a column i in sections” 


inclined to the axis and that these shearing stresses, disregarding internal 
__ friction, are a maximum for an inclination of 45°, when they are equal to to one- 


ihe the axial stresses. The simple method of computing the internal work Ld 


_— incorreet, a nd the sctaat work of the axial stresses is only ‘a part of the entire 


: “On a New Principle in the Theory of Structures,”’ by George F Swain, ‘Past- President, 
ana Hon. M., Am. Soc. C. E., Transactions, Am. Soc. C. E., Vol. LX XXIII (1919- —20), p. 654. 


Proceedings, Boe. C. E., September, 1930, and Discussions, p. 1617. 
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A internal work. No way has been found, since the inception of the mathematical © W 
theory © of elasticity, to verify experimental lly. the assumed distribution of work 
performed on each particle in the various directions of strain. For a proper 
 ietin it wil ill probably be necessary to wait until the ultimate e constitution | of 
matter has been determined. Ja vino af ; TY 
novelty introduced by the author is a non- distribution 
8 horizontal section of a dam, the distribution following a curve of the fourth 
order, given by Equation (15).* He has not tried to show that this distribu- _ 
| tion of of stresses will really produce the least amount of work compatible with 


the loading - conditions; he has s only calculated the c coefficients of this particular 
curve to satisfy the hypothetical Equation (14). Other writers have assumed a 


parabolic stress distribution and the w writer has tried a cubic parabola} to 
which he was led by comparing the results of tests to large 


delicate | ities as the the solution of Equation (4). _ From exper iments with 
wedge-shaped beams of cast iron and reinforced concrete the writer - knows 
‘that the line of failure follows somewhat the line, AO’B, in Fig. 15, which | 7 
for convenience of calculation ‘may be replaced by the dotted line, A’ An 
“investigation of this section by Mr. Jakobsen with a stress distribution simi- ‘ym 
.* to Equation (15) 1 would have show n the point of zero stress a great ‘deal 
farther stream than for a horizontal section, namely, at N instead of 
The : iin finds tension at the up-stream face and does not oii: that 
such tension n cannot exist in the joints of a non- n-monolithic structure. . Some-— * 
times it is permitted to ‘assume tension in the design « of brick masonry, | but 
this is done for the following reason: brick smokestacks were first 
designed on scientific the calculations required an undue thickness 
wall to pre prevent tension, which compared unfavorably with the work of 
ordinary masonry contractors who had built satisfactory stacks for a long time. .” 
order no not t to be in n contradiction ith good practice, the ceustom of allowing 
tension in the statical calculation develop ed, although the ‘originators of 
this ‘practice knew that such’ tensions are only _ imaginary. The st ‘straight 
‘The author has endeavored to correct the er errors of the straight-line din ma 
ic still persists in the error of assuming i imaginary tensions. % Tension in a ee 
— joint indicates the opening ig of a crack which will have a width at the face of | 
about 0.01 in. when the joints” are about 10 ft. apart vertically. will 
happen to the dam when the intruding water exerts a pressure in ‘the joint? oe 
The great dams constructed by the New York Board of Water Supply have ver 
just such a | section, and a discovery ‘y such a as that t claimed | by the author might & 


cause, many sleepless nights to. the engineers in charge. pe While the writer is 
quite: convinced that such water pressure the joints of many 


= zontal section, which is to neutral axis of in such a 


Transactions, Am. “Soe. ©. Vol. _ LXXXII (1919-20), p. 1667 ; 
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stress 

is at 
of pressure in joints by the deformation 
= properly is not dangerous because the joint just above it Since 


> 


é 
a stress” according to a cubic po 
parabola leads to reliable and easily computed results, avira: 


oe on 


¥ | 


author, point, | in Fig. 16, must be at the of the resultant 
of all forces with the line, A C, of Fig. 15. The. distance of the : point of sero 
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the down- face will be 2. x 0.833 b, provided it 
is at all permitted to assume such a stress distribution in a horizontal section. — 


Since the load at in Fig. is wyd, the y maximum vertical stress, 
‘in pounds per square foot, is, = = 0.8 wy. By a very laborious 


calculation the author obtains 0. 175 wy; the straight- line theory gives wy as 


maximum vertical stress. An investigation of the section, AO’B (Fig. 15), 4 
shows that the stresses parallel to the down- stream face are about 1 AT w 


in which, y is the depth below the top at Point B; but ‘the point of zero stress * 
is now at N. The failure of the Bouzey Dam, in France, in 1895 shows a Tine ae 


of failure: following the line, AND, in Fig. The writer conceives this 
failure as follows: After tension, in a section, AO’B, developed to a point, N, 


the shear i in the line, N D, became | greater than the leached- out mortar of the 7 a4 


masonry could stand and the dam sheared off. The s shear i is a maximum al long 


a line inclined nearly 45° with the “principal stress parallel with the down-— 


stream face, and thus the line, N D, was located. _ Hence, shear failures are ca 


very dangerous to masonry dams as commonly built, or to concrete dams with 
improper horizontal and vertical joints. _ These shearing stresses are probably 


the dangerous | ones: in high dams of non-uplift: section. For dams 
high they might reach values of 500 Ib. per 


j 


Stress 


th. 


When a dam is of ‘its o at higher 
will have to move quite a distance before it topples over}. consequently, an ie 
arched gravity dam must be safer than a straight dam. Most engineers a. 
the help given to a gravity dam by arch action, because the deflection of the 


dam as a cantilever i i too small to allow of arch action. if, however, Wibbeeh 
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stresses should develop, or ‘movement wi 


= 


section is in ‘the ‘foundation. "When ‘uplift ¢ can be exerted, at the base of the 


am, “teat is much greater ‘hie ‘the ] pressure in the joints above it, due to ‘the 


Tock being weakened by the intruding w. ater, as in the St. Francis Dam, or 
-* fissures i in the rock below the dam, then failure i is likely to occur sooner or 


= and for such doubtful foundation | conditions a much larger section of 


dam must be adopted or resort must be be had to deep anchorage into” the rock 


JouANNES SkyYTTE, * Assoc. M. ‘Soo. E. (by letter). 4+—Mathematies 


and Physics | are two useful and much needed tools for the engineer, and Mr. 
Jakobsen has used these tools in a masterly fashion in finding the stress dis- 


tribution in gravity dams by the principle of least work. This. principle, 


which can be expressed i in the sentence, ‘ ‘Nature is intelligently lazy’ ”, appeals 


Mr. Jakobsen’s statement} that the sum of my in Equation (84)§ and ny 
in Equation (35)§ should be ‘equal to ny in ‘Equation QI 3 is correct, but the 


explanation for the discrepancy i is incorrect. value of Ny in Equation (27) 
“must always be equal to Ny (Equations: (34) and (35), ‘provided the 


made i in | expressing asa function of and are identical for 


an infinite has been used same “number of terms: for My 
(Equation (27)), ny (Equation (34) ) and ny (Equation (35)). Consequently, 
17 by the Jaw of ' superposition the infinite series should hav have no bearing on a 
discrepancy inthe result, 
- Almost any gravity dam is so ) statically indeterminate that the engineer 
be careful not to attribute such _weig to the different mathematical 
that the practical viewpoints become of secondary importance. He 
_ should let the highly 1 mathematical answers, which are based on certain assump- 
7 tions, be a guide as to tendencies, which should be kept in mind when designing. 
with this the writer will refer to paper by M. H. 


~~ 


Wwe 


‘Lams R. aad Cc. E. (by letter). H—That the stress 
4 distribution i in the cross- -section of a gravity dam is such as will make the in- 
_ ternal work the least possible, is undoubtedly the best assumption. y Mr. Jakob- 

wes sen has made a solution of the problem which is a | decided step forward i in dam 
"engineering. This paper takes the same position for as 


Cain’ s work does for arch dams. = 


_ * Asst. Hydr. Engr., Hetch Hetchy Project, San Francisco, | Calif a 
— 


§ Loc, cit., 1624. 
|| Loc. cit., p. 1621. 
“Building Code for Dams,” Western Construction News, | September 10, 1930. 
aw Cons. Engr., Constant-Angle Arch Dam Co. ; Mates -Elec. Engr., San Fr rancisco, Calif. 
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in this. The material i in “ English had a constant 


| 


v writer has come to the for tests, the e model to be 


of the same material as the dam itself. _ Even then it is difficult to reproduce 
‘equality. _ One reason is that the modulus of elasticity for conerete is extremely — 


variable between the wet and the dry faces for ‘sustained load. ¢ Ona straight 


gravity dam this fact. may not have much influence on the stress distribution, — 


f 


mM Mr. Jakobsen refers* to tests made by R. ‘Davis, Am. ‘Soe. 


connection with h the conerete i in the Stevenson Oreck Dam. The writer regards — 


4 
Professor Davis finds the instantaneous deformation and the flow after, 
“say, 300 days of loading, the two deformations are added together and | give an 


expression for the working modulus of elasticity « of the material for sustained | 


49 


load. ‘The interesting and valuable part of the tests is that it is shown that E 
‘for sustained load is from 60 to 63% higher for wet than for cs conerete » for 


stresses between 600 and 900 Ib. per sq. in. 
If the dam body i is either entirely ary. or entirely w water soaked, the working 


car For arch dams the worst case and the most plausible one (and, prone 


ineer tie due t to reckon with) is when the concrete is wet on the up- -stream side and 

atical - on the down- stream side, with a more or less uniform di tribution betweer < 

: He the two faces, then: the value of E of the ‘material is approximately 60% 
higher along the up-stream face than along the down-stream face. a i 


his. large variation in the working value of the modulus of elasticity 
trees the wet and the dry faces will materially affect the stress distribution. 
It will cause the arch stresses to | move in an up-stream’ ‘direction, so to speak, — 


: in the horizontal arch section, relieving the maximum compressive stress at the 


‘may not change the stress distribution appreciably, but will me aterially alter the 
_ As indicated previously, the « sesumption of a more or less uniform distribu 


930, ‘Papers and "4614. 
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ill . | * The curved shape of the stress distribution diagram appeals to the instinct ae . 
a “ @ as being more correct than the linear. The inside of a great body should exert = 
Pp | greater resistance than the edges. The curved shape of the stress distribution wee - 
o the 
n, OF | 
er or 
rock 
if 
latices 
3 dis- i 
ciple, 
4 
peals 
d 
(97) 
the 
il for 
to be <3 
or 
or hy | ue O be constalt to all Invents and purposes the entire dam Dody, 
- a and the stress distribution on the horizontal plane will be, as found by a, 
n the wa 
= 
H. 
stress 
Tlieve the tensile stresses, if any, at the abutments, due to the expansion of the 
essor 
is most plausible. is in line with the ordinary assumption made for the 


io _ Cain’s formulas, it seems best to neglect any help : as to better di 
He from the water- soaking effect and the variation in . the value of EF 


between the two faces for sustained load, : since their values can not be definitely Ry 


_ measured ; ; but if that is done, there is no reason why the n maximum compres- 


sion could ; not be run } up 4 to, say, 1 000 lb. per sq. in., provided the engineer 2 


ength of the concrete of 3 000 in. 


een streases as low as, or eee than, 600 Ib. per sq sq. in, and si since ‘the maximum 


_stresses ¢ only exist in parts of the dam, i it, should be entirely practical to make 


"ments and near the bottom of high dams. Ei is not constant anyway y and 
is least on the down- stream side, it seems perfectly logical to introduce a higher _ 
val where this i is mostly effective in the form of richer concrete, With good 


material and good workmanship a 28- day strength of 3000 Ib. - per sq. in. can fo 


| 


be obtained i in most Cases, \ with but | little more than 1 bbl. of cement per yd. 


The concrete in the Diablo Dam, on the Skagit 1 in 
which has 3 just been completed, has | a 28- -day strength of 4200 Ib. per sq. in. 


: This strength was insisted on, and it took 5 sacks of cement per cu. yd. of con- 


Mr. J akobsen’s = 0. 645 at 100 ft. below the ‘anit 
and no uplift, it is apparent Table and Fig. 4,* that in order to 


x - eliminate tension in the 1 up- -stream face entirely, k would have to be increased 

os to about 0.7 0. | This is of rather great importance. ae Since uplift i is an unknown 
factor and since the most positive way of taking care of it is by adding to the 
weight. of the dam, to the base width, or to both, a further ‘change of k would “ff 


‘The that nothing less than k 16 be adopted for 
riangular section of a gravity dam, For very high dams, and for dams in 


; which it is. necessary to assume considerable uplift pressure, & will be still 
yreater, but a minimum of k= = 0. 75 ought to be established by the Engineering i 


gT 
Profession, for dams of moderate height « on b= 
has shownt that for full 1 uplift it is necessary to make k = 0. 844, 
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